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PREFACE 


The  \ir  J'orcc’.'  najor  guide  to  corrosion  control  of  real 
.•report*  an.i  real  property  installed  equip  went  ^ -5  been 
contained  in  Air  Force  !!anaual  f»3-!>,  Chapter  4 wh,-.b  was 
published  August  l'-*42.  T!ic  corrosion  control  field  has  been 
progressing  v;iti.  new  Methods,  materials  and  equipment 
constantly  being  introduced.  Since  the  Air  Force's  corrosion 
manual  vas  oi  l and  outdated,  a need  existed  for  searching, 
investigating  am'  documenting  the  new  methods,  materials  and 
cquipuont  for  corrosion  control.  It  was  decided  that  the 
most  prompt  and  economical  ucthod  of  accomplishing  this  task 
was  by  procurring  the  services  of  a prominent  corrosion 
engineering  firm.  Because  of  the  large  volume  of  the 
documented  findings  of  this  endeavor  the  information  has  been 
published  in  three  volumes.  The  first  volume  is  entitled 
Corrosion  Control  - General.  The  second  and  third  volumes  are 
entitled  Cathodic  Protection  Testing  Methods  and  Instruments 
and  Cathodic  Protection  Design . 
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CATHODIC  PROTECTION  DESIGN 


1 INTRODUCTION.  Cathodic  protection  is  a common  and 
effective  means  of  mitigating  or  preventing  corrosion.  It 
is  generally  used  together  with  coatings,  test  stations, 
bonds,  and  insulation.  It  is  certainly  not  a ’’cure-all". 

Its  economics  and  feasibility  mus4'  always  be  carefully 
studied..  An  in-depth  discussion  of  cathodic  protection  is 
presented  here,  including  design  and  related  corrosion  con- 
trol of  buried  or  submerged  structures. 

1 . 1 General  Description  of  Cathodic  Protection.  Cath- 
odic protection,  as  the  riairie  signifies,  is  the  process  by 
which  an  entire  surface  is  transformed  into  a cathode.  In 
other  words,  direct  electric  current  is  forced  onto  that  sur- 
face from  an  "artificial"  anode  so  that  potential  differences 
between  anodic  and  cathodic  areas  are  changed,  and  the  entire 
surface  receives  current.  Since  corrosion  occurs  where  cur- 
rent leaves’  the  metal  surfaces  to  enter  an  electrolyte,  those 
surfaces  receiving  current  do  not  corrode.  Thus,  where  cur- 
rent flows  onto  corroding  metal  surfaces,  a cathode  is  pro- 
duced. Corrosion  is  transferred  to  the  "artificial"  anode 
and  cathodic  protection  is  achieved. 

Cathodic  protection  is  feasible  wherever  a continuous  elec- 
trolyte is  In  contact  with  a metal  surface.  It  is  commonly 
used  to  protect  pipelines,  cables,  tanks,  locks,  foundation 
piling,  ship  hulls,  chemical  process  equipment,  and  almost 
any  other  metal  structure  in  a moist  environment.  Cathodic 
protection  is  usually  most  economical  when  properly  coordina- 
ted with  insulation,  coatings,  and  bonding.  Its  effect 
(Interference)  on  adjacent  structures  must  always  be  consid- 
ered. 

1.2  Comparison  of  Galvanic  vs.  Impressed  Current  Systems. 
There  are  two  methods  of  applying  cathodic  protection  (Figure 

' 1):  galvanic  and  Impressed  current.  To  be  effective,  both 

must  have : 

1.  A power  source. 

2.  Anodes  which  emit  current  into  the  electrolyte. 

3.  A continuous  electrolyte  to  conduct  current 
from  anode  to  protected  structure. 

4.  An  external  metallic  connection  between  struc- 
ture and  anodes. 

5..  Electrical  continuity  in  the  protected  struc- 
ture between  the  metallic  connection  mentioned  in  (4)  and 
protected  surfaces. 

1.2.1  Galvanic  System.  Galvanic  cathodic  protection 
is  basically  a controlled  galvanic  cell  (Figure  la).  The 
structure  to  be  protected  is  metallically  coupled  (usually 
be  means  of  Insulated  wire)  to  a metal  of  naturally  higher 


1 
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(more  negative)  potential.  A galvanic  cell  (the  power 
souree)  is  thereby  established  in  which  the  protected  struc- 
ture is  the  cathode  and  the  less  noble  metal,  the  galvanic 
anode.  Current  produced  by  the  galvanic  potential  between 
the  two  metals  flows  through  the  electrolyte  from  anode  to 
cathode.  The  system  is  designed  so  that  sufficient  current 
will  flow  from  the  anode  to  suppress  all  local  action  cur- 
rent on  the  surface  of  the  protected  structure.  Galvanic 
anodes  corrode  at  a rate  proportional  to  their  emitted  cur- 
rent. 

Galvanic  anodes  are  usually  either  magnesium  or  zinc.  Poten- 
tial between  such  anodes  and  protected  structure  will  never 
exceed  one  volt. 

1.2.2  Impressed  Current  Systems.  Impressed  current 
cathodic  protection  uses  external  D,C.  power  to  develop  a 
potential  between  anode  and  protected  structure  to  force 
current  from  the  anode  into  the  electrolyte  (Figure  lb). 

The  anodes,  consisting  of  conducting  material  which  dis-. 
charge  current  (usually  at  a low  rate),  are  connected  through 
insulated  wires  and  external  power  source  to  the  structure  to 
be  protected.  Impressed  current  flows  out  of  the  anode  Into 
the  electrolyte  (the  anode  corrodes).  It  passes  through  the 
electrolyte  and  is  received  by  the  surface  cf  the  protected 
structure  which  is  now  cathodic.  An  impressed  current  sys- 
tem does  the  same  job  as  the  galvanic  system.  However,  the 
impressed  current  system  is  not  limited  by  a low  natural 
voltage  (approximately  one  volt)  between  anode  and  protected 
structure. 

Impressed  fcurrent  anodes  are  commonly  high-silicon  cast  Iron 
or  graphite.  The  external  power  source  may  be  any  conven- 
iently available  provided  it  is  continuous.  Rectifiers  are 
most  often  used  for  this  purpose.  However,  motor-generator 
sets,  gasoline  engine  generators,  batteries,  thermoelectric 
cell  , solar  cells,  fluid  turbines,  and  wind-driven  genera- 
tors have  been  used. 

2 CRITERIA  FOR  PROTECTION.  Different  methods  and  cri- 
teria are  available  to  determine  effectiveness  of  cathodic 
protection.  Proper  criteria  are  both  valid  and  practical 
to  use  for  the  given  structure.  Electrical  criteria  are  In 
most  general  use  for  submerged  and  underground  structures, 
because  they  are  generally  most  practical  to  evaluate  for 
installed  structures. 

2.1  Visual  Criteria.  For  readlly-accessible  structures, 
visual  Inspection  may  be  used.  If  the  structure  shows  visi- 
ble signs  of  corrosion  - corrosion  products,  pitting,  crack- 
ing, thinning  or  other  deterioration  - then  adequate  protec- 
tion has  not  been  achieved.  This  method  is  obvious  but  gen- 
erally very  impractical  and,  for  that  reason,  is  not  Ln  gen- 
eral use. 
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A variation  of  structure  inspection  is  the  use  of  "coupons" 
of  structure  meta'L  electrically  connected  to  the  structure 
at  various  points.  These  coupons  are  usually  installed  in 
the  electrolyte  at  extreme  or  critical  locations  where  cor- 
rosion is  most  likely  (areas  of  low  resistivity,  where  con- 
centrations of  corrosives  exist,  etc.)  The  coupon  is 
weighed  and  stamped  with  the  weight  prior  to  installation. 

After  a given  period  (a  year  or  more),  the  coupon  is  re- 
moved, weighed  and  visually  analyzed  effects  of  corros- 
ion. Prom  the  condition  of  the  coupons,  the  structure's 
state  is  approximated.  While  this  method  is  more  feasible 
than  removing  an  entire  structure  for  examination,  coupons 
are  still  relatively  impractical  for  general  application. 

2.2  Non-Destructive  Testing.  Non-destructive  testing 
of  •tructural  surfaces  is  sometimes  used  to  determine  if 
corrosion  is  occurring.  Pit  depths  and  wall  thicknesses  are 
among  the  most  common  tests.  Where  changes  in  these  values 
occur,  adequate  protection  is  not  achieved. 

One  in-place  method  of  detecting  internal  and  external  cor- 
rosion pitting  on  pipelines  uses  an  electronic  oig-type  de- 
vice with  self-contained  recording  and  evaluation  system. 

Fluid  movement  or  gas  pressure  propels  the  instrument 
through  the  pipe  under  test.  Location  and  severity  of  pit- 
ting are  recorded  for  playback  to  a strip  chart,  for  visual 
■xamino.i  ion. 

Non-destructive  testing,  like  visual  examination,  is  often 
too  inconvenient,  time-consuming,  and  expensive.  Only  read- 
ily accessible  structures  can  be  tested  without  requiring 
excavation  or  special  equipment.  This  method  may  be  effec- 
tive for  analyzing  many  above-ground  structures,  especially 
those  (such  as  tanks  or  chemical  equipment)  containing  cor- 
rosives. 

2.3  Failure-Rate  Analysis. 

Corrosion  failures  increase  logarithmically  with  time. 

When  cathodic  protection  is  applied  to  and  effectively 
protects  a corroding  structure  (such  as  a pipeline), 'the 
failure  rate  is  greatly  reduced.  This  does  not  occur  immed- 
iately, however,  because  of  metal  already  lost.  Mechanical 
failures  still  occur  but,  with  adequate  cathodic  protection, 
corrosion  failures  should  cease  after  a year  or  so  of  oper- 
ation. 

Xf  an  accurate  record  of  total  Cumulative  failures  is  kept  and 
plotted  with  time,  the  effectiveness  of  cathodic  protection  can 
be  determined  from  the  resulting  graph.  A record  of  failures 
which  exhibits  a rate  less  than  logarmithic  indicates  a degree 
of  corrosion  mitigation. 
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2.4  Electrical  Criteria  (RP-Ol-69 ) . For  underground 
and  submerged  structures,  thesimplestand  most  often  used 
method  of  determining  adequate  cathodic  protection  lo  by 
electrical  measurements.  These  criteria  are  "nilea-of- 
thumb",  determined  from  experimental  and  laboratory  tests, 
based  on  visual  and  non-destructive  analysis  of  corroding 
samples . 

The  National  Association  of  Corrosion  Engineers  In  bh_  T-r 
Standard  RP-Ol-69,  "Recommended  Practice  for  Control  of  Ex- 
ternal Corrosion  on  Underground  or  Submerged  Metallic  Piping 
Systems",  lists  accepted  criteria  for  this  method.  These 
criteria  are  based  on  electrical  structure-to-eleetrolyte 
potentials  with  respect  to  a copper-copper  sulfate  referenre 
electrode  and  are  quoted  here  from  NACE  Standard  RP-Ol-69. 

2.4.1  Introduction  to  RP-Ol-69.  "The  objective  of 
using  cathodic  protection  is  to  control  the  corrosion  of 
metallic  surfaces  in  contact  with  electrolytes. 

"The  selection  of  a particular  criterion  for  achieving  this 
objective  depends,  in  part,  upon  past  experience  with  simi- 
lar structures  and  environments  wherein  the  criterion  has 
been  used  successfully. 

The  following  criteria  "have  been  developed  through  labora- 
tory experiment  or  empirically  determined  by  evaluating  data 
obtained  from  successfully  operated  cathodic  protection  sys- 
tems. It  is  not  intended  that  the  Corrosion  Engineer  be 
limited  to  these  criteria  if  it  can  be  demonstrated  by  other 
means  that  the  control  of  corrosion  has  been  achieved. 

"Voltage  measurements  on  pipelines  are  to  be  mad^  with  the 
reference  electrode  located  on  the  electrolyte  surface  as 
close  as  practicable  to  the  pipeline.  Such  measurements  on 
all  other  structures  are  to  be  made  with  the  reference  elec- 
trode positioned  as  close  as  feasible  to  the  structure  sur- 
face being  investigated.  The  Corrosion  Engineer  shall  con- 
sider voltage  (IR ) drops  other  than  those  across  the  struc- 
ture-electrolyte boundary,  the  presence  of  dissimilar  metals, 

* and  the  influence  of  other  structures  for  valid  interpreta- 
tion of  his  voltage  measurements, 

• "No  one  criterion  for  evaluating  the  effectiveness  of  cath- 
odic protection  has  proven  to  be  satisfactory  for  all  con- 
ditions. Often  a combination  of  criteria  is  needed  for  a 
single  structure." 

2.4.2  "S.teeland  Cast.  Iron  Structurer-*  ~ 

a.  "A  negative  (cathodic)  voltage  of  at  least  0.8'i 

volt  as  measured  between  the  structure  surface  and  a satur- 
ated copper-copper  sulfate  reference  electrode  contacting 
the  electrolyte.  Determination  of  this  voltage  is  to  be 
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made  with  the  protective  current  applied. 

•b.  "A  minimum  negative  (cathodic ) voltage  shift  of 
300  millivolts,  produced  by  the  application  of  protective 
current.  The  voltage  shift  is  measured  between  the  struc- 
ture surface  and  a saturated  copper- copper  sulfate  reference 
electrode  contacting  the  electrolyte.  This  criterion  of 
voltage  shift  applies  to  structures  hot  in  contact  with  dis- 
similar metals. 

c.  "A  minimum  negative  (cathodic)  polarization  volt- 
age shift  oi*  100  millivolts  measured  between  the  structure 
surface  and  a saturated  copper-copper  sulfate  reference  elec- 
trode contacting  the  electrolyte.  This  polarization  voltage 
shift  is  to  be  determined  by  Interrupting  the  protective 
current  and  measuring  the  polarization  decay.  When  the  cur- 
rent is  Initially  interrupted,  an  immediate  voltage  shift  * 
will  occur.  The  voltage  reading  after  the  immediate  shift 
shall  b ' used  as  the  base  reading  from  which  to  measure 
polarization  decay . 

d.  "A  structure-to-electrolyte  voltage  at  least  as 
negative  (cathodic)  as  that  originally  established  at  the 
beginning  of  the  Tafel  segment  of  the  E-log-I  curve.  This 
structure-to-electrolyte  voltage  shall  be  measured  between 
the  structure  surface  and  a saturated  copper-copper  sulfate 
reference  electrode  Contacting  the  electrolyte  at  the  same 
location  where  voltage  measurements  were  taken  to  obtain  the 
E-log-I  curve. 

e.  "a  net  protective  current  from  the  electrolyte  in- 
to the  structure  surface  as  measured  by  an  earth  current 
technique  applied  at  predetermined  current  discharge  (anodic) 
points  of  the  structure. 

2.4.3  "Aluminum  Structures. 

a.  "A  minimum  negative  (cathodic)  voltage  shift  of 
150  millivolts,  produced  by  the  application  of  protective 
current . The  voltage  shift  is  measured  between  the  struc- 
ture surface  and  a saturated  copper-copper  sulfate  reference 
electrode  contacting  the  electrolyte..  See  precautionary 
notes  In  paragraph  2.4.3.C. 

b.  "A  minimum  negative  (cathodic)  polarization  voltage 

shift  of  100  millivolts  measured  between  the  structure  sur- 
face and  a saturated  copper-? copper  .sulfate  reference  elec- 
trode contacting  the  electrolyte.  This  polarization  voltage 
shift  is  to  be  determined  by  interrupting  the  protective 
current  and  measuring  polarization  decay.  When  the  current 
is  initially  interrupted,  an  immediate  voltage  shift  will 
occur.  The  voltage  reading,  after  the  Immediate  shift,  shall 
uC:  used'  Soothe  batje^  vcttuilTg  fi-uin  Which  to  measure  polariza- 
tion decay..  See  precautionary  notes  in  paragraph  2. 4. 3.0. 

c.  Precautions. 

(1)  High  Potential.  "Notwithstanding  the  alterna- 
tive minimum  criteria  In  paragraphs  2. 4. 3. a and  2.^.3^b, 

aluminum.  If  episodically  protected  at  voltage  .■  In  exu'  :r  of 
1.20  v.-ltc  measured  between  the  structure  surface  an  1 a 
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saturated  copper-copper  sulfate  reference  electrode  contact- 
ing the  electrolyte  and  compensated  for  the  voltage  (TR) 
drops  other  chan  those  across  the  structure-electrolyte 
boundary,  may  suffer  corrosion  resulting  from  the  build-up 
of  alkali  on  the  metal  surface.  A voltage  in  excess  of  1.20 
volts  should  not  be  used  unless  previous  test  results  indi- 
cate no  appreciable  corrosion  will  occur  in  the  particular 
environment. 

(2)  Alkaline  Soil.  "Slnc<  aluminum  may  suffer  from 
corrosion  under  high  pH  conditions  ,nd  since  application  of 
cathodic  protection  tends  to  increa:'.-  the  pH  at  the  metal 
surface,  careful  investigation  or  testing  3hould  be  made  be- 
fore applying  cathodic  protection  to  atop  pitting  attack  on 
aluminum  structures  in  environments  with  a natural  pH  in  ex- 
cess of  8.0. 

2.4.4  "Copper  Structures. 

a.  "A  minimum  negative  ["cathodic)  polarization  volt- 
age shift  of  100  millivolts  measured  oetween  the  structure 
surface  and  a saturated  copper-copper-  sulfate  reference 
electrode  in  the  electrolyte.  This  polarization  voltage 
shift  is  to  be  determined  by  interrupting  the  protective 
current  and  measuring  the  polarization  decay.  When  the  cur- 
rent is  initially  interrupted,  an  immediate  voltage  shift 
will  occur  The  voltage  reading,  after  the  immediate  shift, 
shall  be  ed  as  the  base  reading  from  which  to  measure 
polarization  decay. 

2.4.5  "Dissimilar  Metal  Structure. 

a.  "A  negatlve  'fcathod Ic ) vo Itage , between  all  struc- 
ture surfaces  and  a saturated  copper-copper  sulfate  refer- 
ence electrode  contacting  the  electrolyte,  equal  to  that  re- 
quired for  the  most  anodic  metal  should  be  maintained.  If 
amphoteric  structures  are  involved  t t could  be  damaged  by 
high  alkalinity  (see  precautions,  p£  .graph  2.4.3.c), 
they  should  be  electrically  isolator  .^lth  insulating  flanges, 
or  the  equivalent." 

2.4.6  "Lead  Structures. 

a.  Although  not  part  of  RP-01-69,  the  accepted  criteria  for  lead 
structures  is  the  same  as  stated  for  aluminum  in  para  2.4.3.  In  addition, 
an  accepted  criteria  for  lead  structures  is  a negative  voltage  of  at 
least  0.75  volts  as  measured  between  the  structure  surface  and  a saturated 
copper-copper  sulfate  reference  slectrode  contacting  the  electrolyte. 

2.4.7  "Special  Considerations. 

a.  "Special  cases  such  as  stray  currents  ana  stray 
electrical  gradients  may  exist  which  require  the  use  of  cri- 
teria different  from  those  listed  above.  Measurements  of 
current  loss  and  gain  on  the  structure  and  current  tracing 
in  the  electrolyte  have  been  useful  in  such  cases. 

b.  "Abnormal  conditions  sometimes  exist  where  protec- 
tion i3  ineffective  or  only  partially  effective.  Such  con- 
ditions may  include  elevated  temperatures,  disbonded  coat- 
ings, shielding,  bacterial  attack,  and  unusual  contaminants 
in  the  electrolyte." 

3 PRECAUTIONS  FOR  CATHODIC  PROTECTION  DESIGN.  Care 
nr/1  b--  taken  to  avoid  unsafe  or  damaging  currents  and  volt- 
ap  . Designs  which  result  in  unsafe  conditions  cannot  be 
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tolerated.  dim  eat  hod  I*  pro  *.  :tlor.  current  density  (over- 
protection)  -ran  sometimes  damage  coat In  gs  or*  structUr-s  -and 
must  be  Ifr.I.  i.  Often  loll  of  'vn  i-eme  pll  (highly  null  or 
highly  alka.Lir.o ) can  interfere  with  effect! V"  cathodic  pro- 
tection.  Precautions  tc  consider  arc  discussed  hero  in  more 
detail.  • 


3.1  Interference  with  Other  Structures. 

Cathodic  protection  sometimes  causes  undesirable 
effects  on  structures  not  intended  to  be  protected. 

Current  is  received  xn  one  area  and  discharged  in 

another  in  traveling  back  to  its  source.  Current  pickup 
areas  where  interference  current  13  received  are  actually 
eathodlcally  protected.  Current  discharge  areas  where  cur- 
rent passes  from  metal  surfaces  to  soil  or  water  corrode. 

When  pipe  is  Joined  by  mechanical,  nonconducting  couplings, 
a complicated  problem  results  If  current  bypasses  these 
Joints.  Figure  2 illustrates  a typical  current  flow 
pattern. 

In  designing  cathodic  protection  with  minimal  interference 
problems,  the  most  important  single  factor  is  location  of 
anodes  with  respect  to  the  unprotected  structure.  Figure  3 
illustrates  the  effect  of'  a point  '.node  ori  various  piping 
configurations.  Ancle  and  forelf'n  structures  are  shown. 
Cathode  is  remote  and  docs  not  affvet  anode  field.  It  is 
assumed  that  .the  electrolyte  is  homogeneous.  If  the  anod*' 
is  alone  with  no  other  structure  in  the  electrical  field, 
the  pattern  of  equipotentlal  lines  surrounding  the  anode  is 
concentric  circles  (as  when  a pebble  is  dropped  into  a pond 
of  8 1 1 1 1 water).  Potential  is  highest  at  the  anode  and  drops 
off  in  all  directions. 

If  another  structure  crosses  ibis  field  of  equipotentlal 
lines  (concentric  circles),  the  potential  gradient  between 
lines  causes  current  to  flow  In  the  structure  away  from  the 
anode  In  both  directions,  toward  the  largest  diameter  <*qu!.- 
potentlal  circle  as  indicated  by  arrows  on  Figure  3b. 

After  passing  beyond  the  largest  circle,  current  begins  to 
discharge  Into  the  electrolyte  to  return  to  th'*  cathode. 

As  indicated  In  Fi -ire  3c,  the  farther  from  the  anod--  t.ho 
structure  crosses  through  equipotentlal  lines,  the  smaller 
the  gradient  and  the  less  the  current  flow  on  it. 

The  cathode  field  is  similar  to  that  of  the  anc-d“  with  Its 
equipotentlal  lines,  except  that  current  flows  toward  the 
cathode.  Also,  unlike  the  anode  which  acts  like  a point 
structure,  the  cathode  is  frequently  a long  pipe  or  cable, 
with  equipotentlal  lines  that  are  elongated  el-lpsos  (Figure 
3d).  If  the  foreign  structure  is  close  to  the  cathod*, 
current  flows  along  both  structures  in  the  same  direction. 
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The  o:\3cus3lon  so  -far  assumes  anode,  cathode,  and  foreign 
structure  in  approximately  the  same  horizontal  plane.  The 
vertical  plane  is  introduced  with  deep  anodes.  These  anodes 
ir*o  placed  below  the  earth’s  surface  at  a depth  of  00  foot 
moi*e  so  that  their  field  of  influence  will  be  farther 
away  from  most  buried  structures.  If  a deep  anode  is  assumed 
to  be  a point,  its  field  of  influence  is  a concentric  sphere. 
Nearby  well  casings,  structural  stool  piling,  etc.  can  easily 
be  inside  this  field  of  influence;  and  the  potential  gradient 
will  cause  current  flow  (Figure  •'♦). 

Structures  other  than  buried  pipes  and  cables  become  in- 
volved in  cathodic  interference  problems.  Power  line  neu- 
trals, which  connect  water  pipes,  telephone  grounds,  power 
grounds,  and  sometimes  even  gas  lines,  become  a part  of  the 
circuit.  Thus  it  is  not  surprising  to  find  current  flowing 
in  pole  guy  cables,  ground  cables,  etc.  Power  or  communica- 
tions cable  sheaths,  mounted  on  poles,  occasionally  go  under- 
ground for  short  lengths.  Here  they  can  pick  up  or  discharge 
current  which  flows  along  their  entire  length.  Even  well- 
ballasted  railroad  rails  have  been  known  to  receive  current 
in  sufficient  quantity  to  affect  signals. 

Cathodic  interference  can  be  detected  by  measuring  otructure- 
to-soil  potentials  and  current  flow  (IR  drop). 


3.1.1  Ground  Bed  Location  and  Design.  Type  and  loca- 
tion of  impressed  current  around  beds  determine  field  of  in- 
fluence and,  therefore,  amount  of  Interference  received  by 
unprotected  structures  in  the  area. 

Types  of  ground  bods  to  consider  are: 

Point,  Surface 
Distributed 
Point  Deep  Well 

The  point  surface  type  is  easiest  to  design  and  construct 
but  most  likely  to  affect  adjacent  structures.  However,  it 
can  be  located  at  an  optimum  position  where  its  offset  will 
be  minimal.  Distributed  systems  use  more  anodes  and/or 
power  supplies  to  do  the  same  job.  In  this  way,  potential 
gradient  is  limited  by  keeping  ground  current  concentration 
small  and  allowing  anode  placement  close  to  the  protected 
structure.  A distributed  system  also  uses  less  current  to 
protect  the  3ame  area  of  metal.  Deep  anodes  may  minimize 
effects  on  surface  structures.  However,  they  cannot  be  re- 
paired and  may  harmfully  influence  adjacent  well  casings  and 
piling. 


Figure  5 illustrates  a surface  anode  installed  between  two 
foreign  pipelines  and  connected  to  a remote  cathode  (not 
shown).  It  is  seen  that  current  flows  in  both  directions 
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EQUI POTENTI  AL  LINES:  DEEP  ANODE 


away  from  the  anode  on  the  closest  pipe  when  anode  location 
is  off-center.  This  anode  ci\h  be  moved  to  the  45°  diagonal 
for  minimum  effect. 

Figure  6 shows  two  parallel  pipelines,  one  of  which  is 
cathodically  protected.  Current  flow  directions  are  indica- 
ted by  arrows.  Current  flows  away  from  the  close  anodes  in 
Figure  6a.  By  moving  the  anodes  out  farther,  current  flow 
in  the  unprotected-  pipe  is  reversed  as  in  Figure  6b.  At 
some  anode-to-pipe  distance  between  those  shown,  current 
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however,  it  is  usually  not  practical  to  locate  a point  where 
less  than  5#  of  the  anode  current  is  on  the  unprotected  struc- 
ture. The  anode  should  be  placed  on  the  far  side  of  the  Val- 
ance point  so  that  current  flows  toward  the  point  of  cathode 
attachment. 
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3.1.2  Mitigation;-  Tests  must  be  made  on  all  struc- 
tures adjacent  to  a cathodic  protection  system  to  determine 
effects  and  design  mitigation.  (Usually  a bond  can  be  In- 
stalled to  drain  current  back  to  its  source.) 

Pipe-to-soil  potential  and  current  flow  are  measured  at  many 
locations  before  cathodic  protection  Is  turned  on.  Then 
measurements  are  repeated  at  exactly  the  same  points  with  the 
system  operating.  The  algebraic  difference  between  on  and 
off  readings  is  the  effect  of  cathodic  protection.  The  loca- 
tion showing  greatest  pipe-to-soil  potential  change  in  the 
positive  direction  is  called  the  "critical"  or  "control" 
point.  This  is  often  at  the  point  where  protected  and  unpro- 
tected pipes  cross  each  other;  Mitigation  can  usually  be 
accomplished  by  Installing  a bond  between  the  unprotected 


-«  structure  fat  location  of  natural  discharge)  and  protected  ! 

structure  (as  close  as  possible  to  the  negative  connection).  j 

Mechanically  Jointed  pipes  must  not  be  bonded  into  a cathodic  i 

protection  system  unless  all  Joints  are  shorted  across  so 
that  they  carry  current.  If  the  "critical"  point  is  cor- 
rected by  this  method  to  its  original  potential  (reading  be- 
fore cathodic  protection  was  turned  on),  other  test  points 
on  the  same  structure  will  automatically  be  corrected.  Some-  i 

times,  magnesium  anodes  are  Installed  at  the  "critical" 


point.  This  will  usually  only  correct  the  local  area  direct- 
ly opposite  the  anodes . 

When  bonding  structures  together,  it  Is  necessary  to  drain 
only  sufficient  current  or  slightly  more  than  enough  to 
"clear"  the  "critical"  point  of  exposure.  The  amount  of  cur- 
rent drainage  Is  mutually  agreed  upon  by  representatives  of 
owners  of  structures  aftei*  cooperative  testing.  Bond  resis- 
tance, to  accomplish  drainage,  is  often  obtainable  by  trial 
and  error,  as  was  noted  In  paragraph  1.2.2.b.  If  long  con- 
ductors are  necessary,  preliminary  tests  can  be  made  to  com- 
pute total  bond  resistance,  including  all  connections,  etc. 

The  method  and  relationships  for  this  computation  are  shown 
in  Figure  7.  Subscripts  for  couplings  (1*3,1,  for  example) 
Indicate  location  of  voltage  reading  and  current  drain 
(voltage  read  at  point  3>  current  drain  at  position  1). 

Current  drained  at  "1"  is  rectifier  output;  at  "2",  it  is 
the  current  flow  through  the  bond.  Two  sets  of  readings  are 
taken.  For  the  first,  voltages  are  read  at  locations  2,  3 
and  4 with  the  rectifier  on  and  off.  For  the  second,  volt- 
ages are  read  at  the  same  points  with  the  bond  in  and  out  of 
the  circuit.  Couplings  for  each  location  are  then  calculated, 
equaling  voltage  change  between  on  and  off  readings  divided 
by  rectifier  drainage  current  (R2,!  R3  1 R4,l)  or  voltage 

change,  with.  bond,  in  and  out  divided  by  Send  drainage  current 
(r2,2  R4f2)- 
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The  interference  effect  of  the  rectifier  equals  R3  l at 
critical  point  "3".  The  protective  effect  of  the  oond 
equals  R3 2*2^  When  these  quantities  are  equal,  the  inter- 
ference effect  is  overcow.  Therefore,  the  bond  current  I2 
is  found: 

*2  * ^ ^ Ij 

Wfi 

The  potential  difference  between  the  two  structures  Is  the 
combined  effect  of  rectifier  and  bond  installations 
(r2  1*1  “ v2)  plus  the  galvanic  potential  (E2).  Circuit 
resistance  equals  the  internal  resistance  (R2,2)  plus  bond 
resistance  (R^).  These  relationships  provide ’another  expres- 
sion of  bond  current: 

12  - E2  + v2 
+ ^2,2 

Rearranging  for  bond  resistance,  we  find: 

Rb  * E2  + V2  - R2.2  * r3,2  (r2  + V2)  - R2,2 

—15-  "srnr — 

This  value  (Rb)  is  the  bond  resistance  in  terms  of  measured 
quantities. 

3.2  High  Current  Density.  For  effective  cathodic  pro- 
tection, sufficient  current  must  flow  onto  the  corroding  sur- 
face to  make  it  entirely  cathodic.  If  too  little  current 
reaches  the  surface,  it  may  still  corrode.  However,  too  much 
current  per  unit  area  (current  density)  can  also  be  harmful. 
Extremely  high  current  densities  (reportedly  may  produce  hy- 
drogen embrittlement  of  steel  causing  absorbtion 
of  atomic  hydrogen,  although  this  phenomenon  is 
not  observed  in  the  field. 

Hydrogen  produced  by  high  current  density  at  the  cathode 
might  also  damage  coatings.  Above  certain  voltage  char- 
acteristic of  the  specific  metal,  hydrogen  bubbles  form. 

These  can  exert  great  pressure  at  coating  defects 
producing  citing  disbonding.  For  steel,  this  voltaoe 
is  about  1,2  volts  negative,  relative  to  copper-copper 
sulfate.  Disbonding  is  norma-lly  a problem  only  with  thin  or 
poor  quality  coatings  or  severe  environments. 

Reactions  at  the  cathode  produce  alkalinity  here.  Alkaline 
materiel  corrodes  amphoteric  metals  such  as  lead  or  aluminum. 
For  thsse  metals,  too  much  "protective”  current  is  actually 
destructive.  «o  voltage  in  excess  of  i.20  volts  negative 
(relative  to  copper-copper  sulfate)  should  be  impressed  on 
aluminum  or  lead  structures. 
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In  Addition,  careful  testing  should  bs  made  before  installinc 

cathodic  protection  on  amphoteric  metals  in  environments  of  ' 
natural  pH  above  8.0. 

3.3  Electrolyte  M-  . Extreme  electrolyte  acidity  (low 
pH-)  or  alkalinity  (high  pH)  can  adversely  affect  a cathodic 
protection  system.  As  noted  in  paragraph  3.1.  alkaline 
material  corrodes  amphoteric  metals  such  as  lead  or  aluminum. 
Alkaline  soils  or  other  environments  such  as. concrete  will 
corrode  amphoteric  metals  and  cathodic  protection  will  not 
stop  this.  In  fact,  because  cathode  reactions  produce  alka- 
line material,  cathodic  protection  may  increase  corrosion  in 
this  situation.  Therefore,  in  cathodic  protection  of  ampho- 
teric metals,  environment  pH  should  be  considered.  If  pos- 
sible, amphoterics  should  not  be  installed  In  alkaline  en- 
vironments (pH  greater  than  8)  without  prior  testing. 

Highly  acidic  environments  are  not  conducive  to  cathodic  pro- 
tection, for  a different  reason.  When  cathodic  protection 
is  applied  to  a structure,  the  structure  polarizes.  Once 
polarized,  the  structure  requires  lower  current  for  adequate 
protection.  This  is  a basic  part  of  cathodic  protection, 
greatly  reducing  operating  costs.  In  acid  environments, 
polarization  is  difficult  or  impossible  to  achieve.  Conse- 
quently, cathodic  protection  in  acid:  environments  may  be 
difficult  or  costly. 

.nothe*  problem  in  acid  environments  is  corrosion  of  cement 
an-1  Concrete.  Because  these  materials  are  alkaline,  they 
may  rapidly  deteriorate  when  placed  in  acid  areas. 

In  general,  with  either  extreme  acidity  or  alkalinity,  spec- 
ial tests  should  be  run  to  determine  if  cathodic  protection 
will  be  effective. 

3.4  Safety.  Provisions  should  be  made  during  design 
for  possible  operation  safety  hazards.  Danger  to  personnel 
and  environment  should  be  considered  and  corrective  meas- 
ures taken. 

3.4.1  Environmental  Concerns  (Explosions):.  In  areas 
designated  by  electrical  and  general  safety  codes,  special 
oil-immersed  explosion-proof  rectifiers  should  be  used.  Fit- 
tings should  be  installed  in  explosion-proof  housings.  Such 
locatibns  include  refineries,  fuel  terminals  and  fueling 
areas,  manholes  (sewer  gas),  ammunition  depots^  and  wherever 
else  flammable  liquids  or  explosive  gases  may  possibly  exist. 
Special  precautions  should  bo  taken  whore  dynamite  is  used. 

To  minimize  danger  of  current  flow  from  ^achoulo  protection 
reaching  detonator  caps,  cathodic  protection  systems  should 
be  turned  off  when  dynamite  is  being  used.  It  may  also  be 
desirable  to  turn  off  cathodic  protection  during  loaiin  • or 
unloading  flammables  from  pianos,  tnrds,  or  ships. 
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3.4.2  Bonding,  Bonding  for  corrosion  control  purposes- 

MT  be  found  in  volopn  I.  TR-74-C  Bonding  may  also  be  needed 
for  safety  where  snips , airplanes,  or  trucks  are  loaded  or 
unloaded.  This  is  good  practice  even  if  no  cathodic  protec- 
tion is  being  used  on  a fuelling  system,  because  of  danger 
from  static  or  stray  current  voltages,  A voltage  gradient 
through  soil  or  water  -may  result  in  a difference  in  potential 
between  vehicle  and  refueling  system.  This  can  produce 
sparks,  causing  explosions.  A temporary  bond  providing  good 
electrical  contact  between  vehicle  and  refueling  station  will 
prevent  this.  Care  must  be  taken  to  assure  good  contact  and 
bond  integrity. 


Bonding  is  also  used  for  safety  during  repairs  of  underground 
pipelines.  Where  stray  or  cathodic  protection  currents  flow 
on  a pipe  containing  volatile  oils  or  gases,  sparking  can  re- 
sult in  fires  and  explosions  when  the  pipe  is  cut.  A tempor- 
ary bond  across  the  cut  provides  an  alternate  path  for  cur- 
rent* preventing  sparking.  Where  cathodic  protection  causes 
the  only  voltage  difference , turning  off  the  rectifier  during 
repairs  will  also  prevent  sparking. 

3.4.3  Induced  Alternating  Current.  Alternating  cur- 
rent can  be  induced  on  well-  coated,  underground  structures 
located  below  overhead  electrical  transmission  lines.  A 
structure  in  such  an  electrical  field  acts,  as  -an  induction 
coll  to  produce  AC  voltage  across  the  coating.  Besides  pro- 
ducing possible  corrosion  to  the  structure,  this  induced  AC 
may  be  a safety  hazard  to  the  corrosion  engineer  or  anyone 
who  may  come  in  contact  with  the  structure.  Therefore,  wheri 
designing  cathodic  protection  or  other  corrosion  control  for 
well-coated,  underground  structures,  location  of  overhead 
electrical  transmission  lines  in  the  area  should  be  noted. 
Location  of  test  stations  in  areas  where  induced  AC  may  exist 
should  be  avoided.  Overhead  electrical  transmission  lines 
Should  also  be  a consideration  during  testing. 

4 IMPRESSED  CURRENT  SYSTEMS.  Impressed  current  cathodic 
protection  systems  are  always  made  up  of  three  major  compon- 
ents, in  addition  to  the  protected  structure  and  electrolyte: 

1.  Direct  current  power  source 

2’.  Anodes  (connected  to  positive  of  DC  power  source) 

3.  Connecting  cables 

4.1  Power  Sources.  The  direct  current  power  source  will 
be  one  of  the  following: 

* Rectifier  (adjustable  transformer-rectifier  unit) 
Thermoelectric  generator 

Battery 

Generator  - driven  by  eng  e,  wind,  or  fluid  turbine 
Direct  current  - from  power  used  mainly  by  other 
equipment 
Solar  cell 

* Most  commonly  used 
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4.1.1  Rectifier.  Rectifiers  are  by  far  the  most  com- 
monly U3ed  power  source  for  impressed  current  cathodic  pro- 
tection. Standard  units,  constructed  for  cathodic  protection, 
consist  of  an  adjustable  step-down-  transformer,  rectifier 
stacks,  meters,  circuit  breakers,  and  transformer  tap  connec- 
tions all  within  one  case.,  The  rectifier  converts  alternat- 
ing current  to  direct  current  for  use  in  cathodic  protection 
systems. 

a.  Tyoical  Rectifier.  A wiring  diagram  is  shown  in 
Figure  8 for  a single  phase  full-wave  bridge-type  rectifier 
most  commonly  used  in  cathodic  protection.  This  diagram  also 
illustrates  the  switch  recommended  as  a safety  device  with 
most  rectifier  installations.  Elements  of  this  and  other 
rectifiers  and  optional  features  of  commercially  available 
types  are  described  here. 

(1)  Transformer.  The  transformer  steps  down  supply 
AC  '/oltage  to  that  required  for  operation  of  rectifier  stacks. 
Transformer  taps  are  usually  included  so  that  output  voltage 
may  be  adjusted  manually.  These  taps  should  permit  adjust- 
ment of  rectifier  voltage  from  zero  to  maximum  in  even  steps 
of  not  more  than  5 percent  rectifier  rated  voltage. 

The  transformer  consists  of  an  iron  core  with  two  electric- 
ally separate  wire  coils  wound  around  it,  A.C.  supply  volt- 
age is  applied  to  one  coil  ("primary  winding")  producing  a 
magnetic  field  in  the  iron  core  which  induces  AC  voltage  in 
the  second  coil  ("secondary  winding").  The  ratio  of  primary 
to  secondary  voltage  equals  the  ratio  of  primary  coil  turns 
to  secondary  coll  turns.  Secondary  voltage  is  varied  by  tap- 
ping off  some  of  the  turns  (coarse  and  fine  adjustment).  The 
easily  magnetized  core  is  made  of  special  steel  which  does 
not  retain  magnetism. 

(2)  Rectifying  Elements.  Rectifier  "stacks"  perform 
the  actual  conversion  from  alternating  to  direct  current. 

The  stack  itself  is  an  assembly  of  plates  or  diodes  in  various 
configurations  (paragraph  4.T.l.b).  These  permit  current 
flow  in  one  direction  only,  producing  pulsating  DC  output  con- 
taining a "ripple"  component  of  A.C.  No  rectifier  is  100# 
efficient,  and  a minimum  of  19#  of  output  power  is  A.C.  In 
addition,  there  are  losses  in  efficiency  because  no  rectifier 
diode  blocks  perfectly  reverse  current  flow.  Typical  real 
efficiencies  are  60  to  75#  for  a single  phase  rectifier.  Cir- 
cuitry (paragraph  4.1.1.b)  affects  this.  Rectifier  effici- 
ency is  calculated  according  to  the  equation: 

efficiency  (!)  - % * 106 


Rectifiers  used  in  cathodic  protection  are  usually  selenium' 
oxide  plates  or  silicon  diodes.  Silicon  exhibits  superior 
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efficiency  and  aging  characteristics  (selenium  loses  its 
efficiency  as  time  passes).  However,  it  is  prone  to  power 
surge  failures  and  will  not  be  dependable,  unless  combined 
with  a selenium  circuit  and  special  protective  devices. 

Silicon  and  selenium  are  compared  in  paragraph  4.1.1.d(7):. 

(3)  Circuit  Breakers.  Circuit  breakers  are  another 
basic  element  of  rectifiers.  They  provide  protection  from 
overload  and  a convenient  on-off  switch.  Thermal,  .thermal- 
magnetic  and  magnetic  types  are  used,  although  magnetic 
circuit  breakers  have  found  widest  acceptance.  Circuit 
breakers  are  located  on  each  A.£.  supply  line.  Where  more 
than  one  direct  current  feeder  is  used,  separate  fuses  are 
used  in  each  branch  circuit. 

l'n  addition,  a fused  switch  should  be  installed  on  the  A.C. 
side  of  the  rectifier,  for  additional  protection  (.Figure  8):. 

(4)  Meters.  Cathodic  protection  rectifiers  should 
contain  two  direct  current  instruments  to  indicate  output: 
a voltmeter  and  an  ammeter.  These  may  be  separate  circuits 
or  "unlmeter"  construction  (one  meter  provides  both  volt  and 
ampere  readings).  Because  they  are-  easily  damaged  by  light- 
ning, these  meters  are  separated  (except  when  being  read) 
from  the  operating  circuit  by  switches. 

Rectifier  meters  are  generally  standard  D'Arsonval  movements 
type,  drawing  50  millivolts  at  full  scale. 

. Rectifying  Circuits,  Various  rectifier  wiring 
irrangt  ments  are  possible  to  produce  different  characteris- 
tics.  Some  of  these  circuits  are: 

Single  phase  bridge 
Single  phase  center  tap 
Three  phase  bridge 
Three  phase  wye 

All  these*pr.oduce  full  wave  rectification.  Although  at  least 
one  special  rectifier  (paragraph  4.1.1.e(3))  uses  half -wave 
rectification,  the  full  wave  type  is  most  often  used  and  gen- 
erally considered  most  effective.  The  pulsating  nature  of 
half-wave  rectification  is  likely  to  produce  noise  on-  commun- 
ication lines. 

In  general,  three-phase  rectifiers  are  more  expensive  than 
single-phase  rectifiers  of  the  same  size  (If  both  are  avail- 
able in  that  size).  They  are,  however,  more  efficient  (para- 
graph 4.3  ,l.b(3j ).  A rule  of  thumb  to  determine  which  type 
Is  more  economical  is  to  consider  D.C.  output  power  (watts-) 
(voltage  in  volts  times  current  ;Ln  amperes)  (reference  18). 

If  power  is  .above  1QQQ  watts...  .efficiency  of  the  three-phase 
circuit  generally  outweighs  higher  initial  cost.  Below  1000. 
the  single  phase  is  more  economical.  Near  1000,  both  types 
should  be  considered  and  relative  costs  and  efficiencies4 
compared . 

(#)  The  three-phase  wye  cir  -u  ■ t V'*  tj11  •*  or  • ; he1’- 

v/avo  rectification,  but  out  of  phase  so  than  n.C.  rival,  ana 
pule  ttjon  are  minimal. 
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(l)  Single  Phase  Bridge.  Single  phase  bridge 
rectifiers  are  mosc  commonly  used  in-  cathodic  protection. 
(This  is  because  th>y  are  cheaper  and  more  easily  adjusted 
than  center  tap  units.  A diagram  of  this  circuit  is  shown 
in  Figure  9b.  It  contains  four  cells.  (If  any  one  of 
these  fails,  or  changes  resistance,  the  other  three  fail.) 
Current  always  passes  through  two  rectifying  elements.  One, 
on  its  way  to  the  load,  and  one,  on  its  return.  At  any 
time,  two  diodes  are  conducting  current  while  two  are  block- 
ing current.  The  result  is  full  wave,  D.C,  output,  one-half 
of  the  A.C,  wave  rectified  by  each  pair  of  diodes.  Because 
of  diode  arrangement j current  always  flows  through  the  load 
In  the  same  direction  (positive  (+;,  to  negative  (-))  in 
Figure  9b). 

\ (2)  Single  Phase  Center  Tap-  This  circuit,  shown 

in  Figure  9a,  contains  only  two  rectifying  elements. 
However,  its  transformer  is  heavier  and  less  sensitive  to 
adjustment  than  bridge  units.  Full-wave  output,  as  in  the 
bridge  circuit,  is  obtained.  However , only  half  the  trans- 
former output  is  applied  to  the  load,  as  seen  in  the  dia- 
gram. This  type  is  more  efficient  than  bridge  -wired  units. 
However,  it  is  also  more  expensive,  physically  heavier,  and 
more  bulky. 

(3)  Three  Phase  Bridge.  The  three-phase  bridge 
rectifier,  diagramed  in.  Figure  10b,  operates  like  three 
single  phase  bridges,  except  each  bridge  shares  a pair  of 
diodes  with  one  other  bridge.  There  are  three  transformers 
producing  secondary  voltages  which  reach  their  peaks  at  dif- 
ferent times.  This  "out-of-phase"  operation  produces  D.C. 
output  with  less  A.C.  ripple  - only  4.5^ 

(4)  Three-Phase  Wye.  This  circuit,  shown  in  Figure 

10a,  produces  only  half-wave-  rectification.  The  three- 

phase  Wye  contains  only  three  diodes,  each  connected  to  a 
transformer.  The  three  t ran s [formers  produce  A.C.  voltage 
out-of-phase  with  each  other.  This  type  rectifier  is  prac- 
tical only  for  low  D.C.  voltages. 

c.  Special  Rectifier  Typls,  Rectifiers  have  been 
developed  with  special  characteristics,  differing  from 
standard  circuits.  Some  are  monitored  to  maintain  constant 
3tructure-to-electrolyte  potential  or  constant  current  out- 
put. These  and  other  special  units  are  discussed  hen. 

(1)  Constant  Current  .Rectifier’,,  A constant  current 
rectifier  uses'  automatic  control  to  maintain  constant  direct 
current  output  over  varying  load  resistance.  This  is  gener- 
ally achieved  with  a power  amplifier-type  device  called  a 
saturable  reactor,  A -saturable  reactor  usually  uses  throe 
separate  windings  on  an  iron  core.  The  two  outside  or  gate 
windings  are  connected  to  the  transformer  A.C.  output.  The 
inside  or  control  winding  is  connected  to  a D.C.  supply 
Within  the.  rectifier.  When  D.C.  is  supplied  to  the  control 
winding,  it  saturates  the  iron  core  with  magnetic  flux  to  a 
degree  proportional  to  the  amount  of  D.C.  This  lowers  gate 
Impedance,  in  effect  removing  part  of  the  core  from  the 
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circuit  and  lowering  resistance  -to  current  flow  through  the 
gates.  A small  deviation  In  D.C.  input  power  can  result  in 
a large  change  in  A.C.  output  power.  Figure  11  shows  a 
schematic  of  a constant  current  rectifier. 

(2)  Automatic  Potential  Control  Rectifier.  An 
automatic  potential  control  rectifier  uses  a reference  elec- 
trode installed  near  the  structure  and  a<  saturable  reactor 
or  silicon  controlled  reactors  (SCR)  to  maintain  constant 
structure-to-ellectrolyte  voltage.  This  voltage  difference 
is  the  input  to  a control  circuit  which'  compares  actual 
voltage  with  the  pre-set  desired  voltage.  The  controller 
then  varies  rectifier  output  through  SCR's  or  saturable  re- 
actor, if  necessary  (Figure  12). 

Typical  reference  electrodes  include  zinc  anodes,  copper- 
copper  sulfate  electrodes,  silver-silver-chloride  electrodes, 
or  stainless  steel  ground  rods.  These  are  located  near  the 
pr-  >cectcd  structure,  but  out  of  areas  of  high  IR  drop  around 
anodes. 


A saturable  reactor  is  described  in  paragraph  4.1.1.c(l). 
Silicon  controlled  rectifiers  are  similar  to  silicon  diodes 
in  that  they  allow  current  flow  in  only  one  direction. 

They  contain  a third  connection  (gate)..  In  order  for  any 
current  to  flow  through  the  SCR,  a positive  voltage  pulse 
must  be  applied  to  this  gate.  Current  then  flows  for  the 
remainder  of  the  A.C.  half-cycle.  The  amount  of  SCR  output 
'ur  -m  depends,  on  where  in  the  half-cycle  the  pulse  is  ap- 
plied. The  control  circuit,  acted  upon  by  reference  voltage 
input,  determines  this. 


SCR’s  may  make  up  a portion  of  the  rectifier  stacks,  or  they 
may  be  a separate  control  varying,  for  example,  transformer 
or  stack  output.  SCR’s  require  surge  protectors  and,  like 
other  silicon  diodes,  mounting  on  heat  sinks. 


Automatic  potential  control  rectifiers  are  used  for  cathodic 
protection  mainly  where  electrolyte  resistivity  varies 
widely  with  time.  Typical  applications  Include  protection 
on  ship  hulls,,  on  power-station  traveling  gates,  or  inside 
water  storage  tanks. 

(3)  Multi-Circuit,  Constant  Current  Rectifier. 

This  special,  patented  rectifier  (Figure  13)  contains 
separate  circuits  for  energizing  up  to  eight  or  twelve  im- 
pressed current  anodes,  for  use  in  protecting  underground 
tanks,  etc.  These  are  relatively  inexpensive  and  simple  to 
installs  Each  anode  is  connected,  to.  a rectifying  .module 
containing  a silicon  diode  and  a resistor  (4 00  to  5^0  ohms, 
approximate );.  The  modules  are  mounted  in  a case  and  con- 
nected, through  ’Uiimet.er,  fuse  and  switch,  directly  to  the 
ilQ  volts  A.C.  lino.  This  power  is  used  directly;  no  step- 
down  transformer  i;:  Included.  The  rectifier  ne.,ati“e  is  ccn- 


noefcol  to  the  A.C.  neutral,  which  is  "ground* d’1  to  protested 
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CONSTANT  CURRENT  RECTIFIER  INSTALLATION 


piping  and  tanks,  etc.  This  ground  must  be  checked  prior  to  t 

installation  to  assure  connection.  j 

The  system  is  designed  to  deliver  near  constant  current  (100  ■ f 

milliamperes  ±10$6)  from  each  anode.  Each  module  resistor  I 

controls  current  output  because  its  value  is  large  compared  j 

to  other  circuit  resistance.  A lamp  is  used  in  some  models 
Instead  of  a resistor.  The  system  is  quite  simple,  but  ’ j 

problems  can  arise.  Only  one  diode  is  used  in  each  circuit,  * i 

producing  half-wave  rectification,  The  pulsating  current 
thus  produced  can  cause  noise  problems  on  nearby  communica- 
tion lines.  In  addition,  although  small  currents  (compar- 
able to  those  produced  by  galvanic  anodes)  are  used  by  this 
system,  the  possibility  of  stray  currents  still  exists.  The  { 

110  volt  A.C.  power  is'  used  directly,  without  a transformer,  j 

I and  current  may  pick  up  on  structures  other  than  the  one  to  [ 

be  protected  and  travel  back  to  the  power  company's  A.C.  ; 

■transformer  several  blocks  away.  j 

(A)  Other  Rectifiers.  Standardized  rectifiers  have  s 

boon  developed  for  use  mainly  in  gas  and  electric  distribu-  % 

Mon.  These  combine  attractive  appearance  with  economy  in 
a standard  unit.  Some  may  be  baric  1 or  mount*-*!,  on-  tv!*  . 


i 

Ik 
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Rectifiers  are  available  containing  several  individual  single 
phase  bridge  circuits  in  one  unit.  These  produce  a wide 
range  of  current  and  voltage  outputs,  depending  c/n  Whether 
series  or  parallel  circuits  are  employed.  In  some  ^models, 
stacks  may  be  added,  to  increase  current  output.. 

d.  Commercially  Available  Types.  A number  of  manu- 
facturers stock  standard  sized  cathodic  protection  recti- 
fiers, offer  many  optional  “extra”  features,  and  will  build 
most  special  units  to  order.  Features  now  available  include: 
Constant  D.C.  voltage  or  current  output 
Multiple  circuits 
Air  cooled  o 11  immersed 

All  A.C.  voltage  inputs,  three-phase  cr  single 
phase 

Center  tap  or  bridge  circuits 
Variety  of  combinations  of  D.Ci  voltage  and 
current  output 

Efficiency  filters  to  minimize  A.C.  ripple 
Interference  noise  filters 
Explosion -proof 
Small-arms  proof 

Lightning  and  surge  protection  (A.C.  and  -I*,-*.  , os) 

Silicon  diodes  or  selenium  stacks 

Fainted  or  galvanized  cases 

Mounting  legs  or  brackets 

Direct  burial 

External  “on-off"  indicators 
Variety  in  price  and  quality 

(1)  Air  Cooled  or  Oil  Immersed.  Rectifiers  are 
available  as  air-cooled,  oil-immersed;  stack  units  and  total- 
ly oil-immersed  units.  Most  units  are  air-cooled,  but  oil- 
immersed  rectifiers  should  be  specified  for  corrosive,  dirty, 
or  explosive  atmospheres.  Air-cooled  units  have  a lower  ini- 
tial cost,  and  are  easier  to  install  and  repair.  They  are, 
however,  subject  to  poor  ventilation  due  to  fouling  of  air 
screens  by  dust  and  dirt  and  stacks  corrosion,  which  can  pro- 
duce loss  in  efficiency  or  complete  failure  of  stacks  from 
overheating.  Oil-immersed  rectifiers  are  completely  en- 
closed and  easily  kept  free  of  dust,  dirt,  and  insects;  they 
are  essential  in  hazardous  locations.  In  general,  air- 
cooled units  should  be  specified  except  where  danger  of  ex- 
plosions, high-ambient  temperatures,  corrosive  atmospheres, 
or  high  humidity  conditions  exist,  and  in  windy  or  dusty 
locations. 

(2)  All  A.C.  Voltages,  Three-Phase  or  Single  Phase. 

Choice  between  three-phase  or  single-phase  rectifiers  was 
discussed  in  paragraph  4.1. l.b.  The  bridge  circuits  are 

generally  chosen  because  of  higher  efficiency  and  greater 
output  ranges.  Center-tap  circuits  are  practical  only  for 

-T5- -ft-  ■vrr'i-iztrmsra 
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Rectifiers  are  available  with  all  A.C.  voltages  used  in  in- 
dustry. Input  voltage  has  no  effect  on  rectifier  efficiency, 
but  it  may  affect  installation  and  operating  costs.  Recti- 
fiers are  built  which  can  operate  on  two  different  A.C.  in- 
puts, such  as  115  and  230  volts.  If  existing  power  lines 
are  to  be  used,  they  must  be  compatible  with  rectifier  in- 
tfut  voltage. 


Where  a choice  is  available,  Table  1 can  be  used  to  deter- 
mine the  mo...t  economical  choice,  in  terms  of  installation 
and  operation. 


Table  1 


Economical  A.C.  Supply  Voltages  (Reference  18) 


Rectifier  D;C.  Rating  Single.-Phase  Input  Three-Phase  Input 
Xwa'FFs  = volf s 'x  a'mps ) — (volts'  X"C. J ' (volt's  ATC.T"" 


Up  to  2700 

115 

2700  to  5400 

230 

Over  5400 

440 

Over  7500 

440 

208 

230 

230 

440 


(3)  D.C.  Voltage  and  Current  Output.  -Cathodic  pro- 
tection rectifiers  are  commercially  available  in  a wide 

"an ge  f direct  current  outputs.  Direct  current  voltages 
*•  .i  c volts  to  120  volts  and  direct  current  amperage  from 
4 amperes  to  200  amperes  are  common.  Almost  any  direct  cur- 
rent rating  can  be  supplied,  but  from  an  economic  standpoint 
it  Is  generally  best  to  consult  a manufacturer's  catalog  and 
select  a standard  size. 

(4)  Filters.  Filters  Increase  A.C.  to  D.C.  conver-r 
slon  efficiency  and  minimize  noise  interference  for  communica- 
tions lines  by  reducing  A.C.  ripple  in  rectifier  output. 

The  D.C.  output  power  level  remains  essentially  the  same, 
while  A.C.  input  power  is  decreased.  Such  a filter  can  in- 
crease the  efficiency  of  a single-phase  rectifier  10  to  14$. 
Because  throe-phase  rectifiers  are  more  efficient  to  begin 
with,  an  efficiency  filter  will  generally  not  Increase  their 
efficiency  appreciably.  For  single-phase  rectifiers,  effi- 
ciency filters  can  save  money  on  operating  expenses  and  often 
pay  for  themselves  in  a very  short  time. 


Noise  interference  filters  are  used  to  reduce  inteirference 
in  telephone  and  other  communication  equipment.  Generally, 
those  filters,  .also  appreciably  reduce  A.C,.  ripple  in  single-, 
phase  rectifier;:. 

(5)  Explosion- Proof.  In  hazardous  areas  such  as 
refineries  and  chemical  plants,  special  explosion-proof 
rectifiers  should  lx*  used.  These  are  special  oil-immersed 
with  met  anl  elreui'v  bn-.-tle In  exp  lor  Ion-pro- >i*  irmrin  ;s. 
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Sucih  rectifiers  conform  to  Safety  Standards  for  Class  I 
Group  D hazardous  locations. 

(6)  Lightning  Arrestors.  Lightning  arrestors  on 
input  and/or  output  are  frequently  specified  option.  They 
are  standard  on  many  rectifiers  containing  silicon  diodes 
because  of  potential  destruction  from  surges.  These  arrest- 
ors prevent  damage  to  rectifier  and  other  circuit  compon- 
ents in  lightning  areas  by  conducting  the  high  current  until 
it  subsides.  Lightning  arrestors  may  be  of  several  types 
including  arc-gap,  or  rare  gas. 

(7) “  Selenium  Stacks  or  Silicon  Diodes.  Rectifying 
elements  are  made  from  semiconductor  crystals  into  which 
other  elements  (’’impurities'’)  have  diffused.  Diffusion  is 
controlled  so  that  the  resulting  crystal  has  increased  re- 
sistance to  current  flow  in  one  direction  and  decreased  re- 
sistance in  the  other. 


Semiconductors  used  for  stacks  in  cathodic  protection  recti- 
fiers are  generally  either  selenium  or  silicon.  Germanium 
rectifiers  have  found  little  use  in  the  cathodic  protection 
field.  Early  rectifiers  used  only  copper  oxide  stacks,  but 
these  were  replaced  by  the  more  efficient  selenium  stacks. 

Some  old  installations  may  still  contain  copper  oxide  recti- 
fying elements. 

Selenium  rectifiers  are  used  where  efficiency  is  not  a major 
consideration  (for  small  power  demands  or  where  dependabil- 
ity is  most  important).  Silicon  rectifiers  are  used  for 
larger  installations  because  their  greater  efficiency  can 
save  on  operating  costs;  they  are,  however,  less  dependable. 

(a)  Selenium  Stacks,  Selenium  stacks  consist  of 
nickel-plated  aluminum  base  plates  coated  on  one  side  with 
several  layers  of  selenium  crystals.  Selenium  and  desired 
impurities  are  vaporized  and  then  deposited  on  the  plates. 

A thin  layer  of  metal,  called'  the  counter-electrode,  covers 
the  selenium  surface,  acting  as  a current  collector.  In 
some  cells,  an  artificial  barrier  layer  made  of  lacquer  is 
included  between  the  selenium  and  counter-electrode  to  In- 
crease reverse  resistance.  However,  this  material  decreases 
efficiency  and  stack  life,  gradually  deteriorating  or 
"aging"  from  operational  boat.  Aging  is  accelerated  by  high 
forward  current  and  high  operating  temperatures.  Cells  not 
containing  this  barrier  layer  a?e  much  more  slowly,  and  therefore 

are  sometimes  called  non-aaincr  »»ieniin  Selenium  rectifiers  may 

contain  a number  of  stacks  lri  series  or  parallel  for  in- 
creased current  or  voltage  capacity. 

Selenium  plate  life  is  determined  almost  entirely  by  plate 
operating  temperature.  Operating  temperature  is  determined 
by  amount  of  heat  dissipation  and  amount  of  current  deliv- 
ered through  the  stack.  The  more  current  in  the  forward 
direction,  the  more  power  lost  in  the  stack,  and  therefore 
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the  more  heating  of  the  plate.  Also,  heating  is  produced 
by  reverse  current  leakage.  Therefore,  the  more  voltage  ap- 
plied to  a stack,  the  more  heating  from  reverse  current. 

Heating  produces  higher  operating  temperatures  and  "aging’'. 
•Aging  increases  resistance  to  forward  current  flow.  Power 
loss  for  a given  amount  of  current  may  increase  to  a point 
where  conversion  efficiency  is  too  low  for  practical  opera- 
tion. The  aging  effect  is  somewiui:  .predictable  and  can  be 
determined  by  measuring  forward  voltage  drop  and  reverse 
current  of  the  unit  (reference  18). 

High  current  density  and  high  temperatures  will  accelerate 
aging  of  selenium  stacks.  Temperature  is  the  more  destruc- 
tive. If  selenium  stack  temperature-  is  kept  moderate,  high 
current  densities  produce  little  aging  acceleration.  On  the 
other  hand,  if  the  temperature  of  the  selenium  plate  rises 
excessively,  oven  with  very  low  current  density,  aging  is 
accelerated  greatly. 

Extreme  temperatures  are  generally  produced  by  uneven  stack 
heating,  caused  by  a loose  connection  or  damaged  plate  or 
by  voltage  surges.  If  a voltage  surge  is  large  enough,  the 
stacks  will  be  completely  burned  out,  requiring  replacement. 
Possibly  the  surge  could  damage  only  one  3tack  in  a unit. 

For  instance,  a bridge  type  rectifier  containing  four  stacks 
has  two  pairs  in  a bridge,  and  a fault  in  one  stack  would 
1 i.  ’in  e one  path,  forcing  all  the  current  to  be  carried  in 
the  other  path.  * If  this  condition  continues  with  two  stacks 
carrying  all  the,  load,  accelerated  aging  and  early  failure 
of  the  unit  would  result. 

(b)  Silicon  Diodes,  A silicon  diode  is  made  from 
a single  crystal  of  silicon,  into  which  impurities  have  dif- 
fused. A section  of  the  crystal  is  sliced  off  and  enclosed 
in  a metal  case  which  is  then  mounted  on  a copper  or  alumi- 
num plate.  This  plate  dissipates  heat  built  up  during 
normal  operation. 

Because  a silicon  diode  is  made  from  a single  crystal.,  it 
does  not  age  or  fail  gradually,  like  selenium.  This  is  a 
definite  advantage  over  selenium.  However,  voltage  surges 
or  overload  currents  will  cause  a single  crystal  diode  like 
silicon  to  fail  completely  whereas  such  conditions  would 
only  age  a selenium  stack.  Protection,  such  as  quick  action 
fuses,  voltage  clamping  devices,  combination  silicon- 
selenium  circuits,  and  lightning  arrestors  can  minimize  the 
possibility  of  silicon  diode  failure. 

Silicon  rectifiers  show  increased,  efficiency  of  up  to  10  per- 
cent over  selenium  on  higher  voltage  ratings.  Curves  show- 
ing operating  voltages  versus  stack  efficiency  for  single  and 
throe-phase,  full  wave,  brid  r,c:  typo  rectifiers  ar* ■ shown  in 
Figure  14  for  selenium  and  Figure  1‘..  for  slllee-i. 
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Actual  DC  Operating  Voltage 


Figure  14 

EFFICIENCY  VS.  OPERATING  VOLTAGE 
FGitrULL  WAVE  SELENIUM  KfcCl  IFliR 
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Figure  15 

EFFICIENCY  VS.  OfBATING  VOLTAGE  FOt  FULL  WAVE  SILICON  RECTflERS 


(8)  Other  Options.  Numerous  options,  besides  those 
already  discussed,  are  available.  Such  things  as  special 
cabinets  (explosion -proof , small  arms  proof,  direct  burial, 
special  finishes),  signal  lights,  or  continuous-reading 
meters  may  be  specified.  In  addition,  virtually  any  other 
features  may  be  included  at  added  cost.  Manufacturer's  cata- 
. logs  should  be  consulted  for  information  on  specific  options. 

4.1.2  Thermoelectric  Generator.  Thermoelectric  gener- 
ators can  be  considered'  where  power  is  not  available  and  cur- 
rent requirements  are  3roall.  Heat  is  converted  directly  in- 
to electrical  power.  This  is  accomplished  through  a group 
of  thermocouples  arranged  electrically  in  series  and  ther- 
mally in  parallel  (a  thermopile).  One  end  is  heated  by  the 
burning  fuel;  the  other  is  cooled  by  fins.  Heat  flux  results 
. from  .the  temperature  gradient  in  the  thermopile , and  electri- 
city is  produced  through  the  thermocouples.  Thermoelectric 
generators  are  presently  available  in  sizes  from  5 watts 
through  approximately  500  watts.  Their  price  is  prohibitive 
for  many  applications.  In  order  to  achieve  desired  current 
output,  they  may  be  arranged  in  series,  parallel,  or  combina- 
tion setups.  They  are  sometimes  installed  at  Isolated 


34 


locations  along  pipeline  rights-of-way  and  powered  by  fuel  , 
from  the  line. 

4.1.3  Battery.  Batteries,  like  thermoelectric  gener- 
ators, may  be  used  where  power  is  not  available  and  current 
requirements  are.  small:  a well-coated  structure  in  a remote 

area,  for  example.  Unlike  thermo-electric  generators,  bat- 
teries require  frequent  replacement  or  recharging. 

/t.1.4  -Other  Sources.  Other  direct  current  sources 
are  sometimes' used,  especially  where  no  power  exists. 
Engine-driven  generators  are  one  type.  Wind-driven  genera- 
tors were  used  in>  the  early  days  of  cathodic  protection  be- 
fore rectifiers  were  commonly  available i some  of  these  units 
are  still  operating.  An  experimental  fluid  and/or  gas  tur- 
bine has  been  developed  for  use  in  gas  pipeline  transmission 
tc  provide  protection  for  a major  water  course  crossing. 

Solar  cell-storage  battery  units  are  another  experimental 
power  source.  These  units  contain  solar  panels  which  col- 
lect heat  from  sunlight  and  generate  electricity  during  the 
day..  At  night,  the  storage  battery  supplies  power. 

Finally,  where  direct  current  is  supplied  for  other  electri- 
cal equipment,  such  as  aboard  ships,  sometimes  it  is  conven- 
ient and  economical  to  use  it  also  for  cathodic  protection. 

4.2  Anodes.  Impressed  current  anodes  must  be  made  of 
material  with  a deterioration  rate  (weight  loss  per  unit  of 
current  emitted)  that  will  provide  reasonable  anode  life 
from  a practical  amount  of  material i These  anodes  must  also 
be  rugged  enough  to 'survive  practical  application  in  a vari- 
ety of  electrolyte  environments,  while  being  commercially 
available  at  reasonable  cost. 

A variety  of  materials  can  be  used  as  anodes  in  Impressed 
current  cathodic  protection  systems.  Scrap  iron  or  steel 
might  be  employed.  This  can  be  in  the  form  of  junked  engine 
blocks,  rails,  pipes,  etc.  Abandoned  and  ’’in-place " pipe- 
lines or  rails  are  sometimes  th^  most  practical  and  economi- 
cal anode  for  special  situations.  They  are,  however,  con- 
sumed at  about  20  lb./amp-yr.  Important  materials  for  im- 
pressed current  anodes  are  discussed  here.  In  addition  to 
bare  anodes,  anodes  packaged  in  selected  backfill  are  also 
available. 


4.2.1  Graphite.  Graphite  anodes  are  made  by  fusing 
coke  or  carbon  parSTcl.es  at.  very.  high,  temperatures-.  This 
Increases  resistance  to  oxidation. 

a.  Specifications.  Typical  specifications  for 
graphite  anodes  are  given  here . 
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Chemical  Properties 

Impregnant 

Ash 

Moisture  and  volatile  matter 
Water  soluble  content 


Percent  jby_  Weight 
b. 5 max. 

1.5  max. 

0.5  max. 

1.0  max. 


Physical  Properties 

density 

Resistivity 


Value 

^5.84  lb.  per  cu. 'ft.  max. 
11...00  x 10“4  ohm-cm.  max. 


The  cable  connection  to  the  anode  must  be  able  to  withstand 
a pull  or  325  pounds. 

b.  Sines  Available. 


Surface  Area 


Weight,  lb.  Size sq.ft. 

55  Graphite  3-in.dia.  x 60  in. Tong  4 .0 
27  NA  Graphite  3-ln.dia.  x 60  in. long  4.0 
63  Graphite  4-ln.dia.  x 80  in. long  7.1 
68  NA  Graphite  4-in.dia.  x 80  in. long  7.1 


Graphite  anodes  are  generally  simple  cylinders  with  the  lead 
end  impi'egnated  with  paraffin  for  a foot  or  so  to  minimize 
the  possibility  of  moisture  contacting  the  lead  wire.  The 
l^ad  wire  is  not  installed  by  the  anode  manufacturer,  but  by 
die  distributor.  One  ".lethod  of  lead  wire  installation  is  In- 
Heated  in  Figure  lC.  Type  NA  graphite  used  in  seawater 
opi  '.c.  .ions  is  impregnated  with  linseed  oil  in  a vacuum- 
pr  . sure  process  to  eliminate  pores. 

c.  Characteristics.  In  graphite  anode  manufacture, 
petroleum  '*oke  crushed  to  less  than  200-mesh  size  Is  mixed 
with  coal-tar  pitch.  The  coal-tar  pitch  serves  as  a hinder 
to  hold  the  coke  together  until  processing  to  graphite  is 
complete.  The  coke  Is  converted  into  graphite  in  an  electric 
resistance  furnace  at  2800°C.  Any  pitch  not  driven  off  Is 
also  converted  into  graphite  so  that  the  rod  is  essentially 
ail  graphite  except  for  impurities  equal  to  1.5  percent  maxi- 
mum. However ■,  the  anode  has  a porosity  ranging  from  20  to 
30  percent.  Linseed  oil  is  used  to  impregnate-  the  anode  to 
reduce  porosity  and  prevent  absorption  of  wate:rs.  This  is 
especially  li  portant’ in  seawater  anodes  as  chlorine  produced 
by  the  anode  will  be  formed  internally  leading  to  disintegra- 
tion of  the  anode.  Anode  failure  in  this  case  is  mechanical 
and  not  duo  to  selective  attack  of  the  binder  as  such.!.:  In 
fresh  water,  the  nascent  oxygen  formed  reacts  with  graphite 
to  form  carbon  dioxide. 

All  corrosion  products  from  graphite  anodes  are  gar.es.  Oxy- 
gen, chlorine.,  and  carbon  dioxide  are  produced  at  the  anode 
surface.  In  fresh  water  or  soil,  carbon  dioxide  and  oxygen 
are  produced.  In  seawater,  the  main  gas  formed  is  chlorine 
With  lesser  amounts  of  oxygen  and  carbon  diu/.ide . If  the 
gases  formed  do  not  diffuse  -away  from  the  anodr  through  tlv 
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Compound 


i.*od  Wirt 
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electrolyte,  the  g^jes  will  displace  moisture  or  water  in 
the  anode  vicinity,  effectively  insulating  the  anode  from 
the  surrounding  media.  Anode  resistance  then  becomes  very 
large  and  remains  at  a high  value  as  long  as  the  anode  is 
operated. 

Because  graphite  anodes  dp  not  produce  an  anodic  film  during 
operation,  any  portion  of  the  anode  in  contact  with  low  resis- 
tivity media  deteriorates  more  rapidly  than  the  remainder. 
After  the  anode  has  been  consumed  in  the  low-resistivity  sec- 
tion, it  is,  for  all  intents,  inoperative,  due  to  high  resis- 
tance caused  by  shorter  length  and  higher  resistance  between 
anode  and  media.  Graphite  anodes  are  therefore  very  sensi- 
tive to  nonuniform  environments 

When  the  top  of  the  anode  is  in  contact  with  low-resistivity 
media,  the  entire  anode  may  be  lost  in  a short  time  from 
selective  corrosion.  This  type  selective  attack,  commonly 
referred  to  as  "necking”,  occurs  near  the  electrical  connec- 
tion to  the  anode,  severing  the  lower  portion  of  the  anode. 
This  may  be  corrected  through  use  of  carbonaceous  backfill 
around  the  anode. 

d.  Operation.  Graphite  anodes  should  not  be  operated 
at  current  densities  exceeding  1 ampere  per  square  foot  in 
soils  and  0.25  ampere  per  square  foot  in  fresh  water.  At 
current  densities  not  exceeding  these  limits,  the  average 
loteriorate  rate  will  be  about  2.5  pounds  per  ampere-year. 

Jgher  current  densities  are  used,  the  anode  tends  to  be- 
come loss  electrically  conductive.  Reduction  in  conductivity 
Is  due  to  attack  along  crystal  boundaries  which  separates  the 
graphite  into  Individual  crystals,  softening  the  anode. 

Under  these  conditions,  the  anode  quickly  loses  conductivity 
causing  cathodic  protection  to  become  inoperative  in  as  lit- 
tle as  one  or  two  years. 


Graphite  anodes  should  not  be  operated  at  current  densities 
exceeding  3.75  amperes  per  square  foot  in  seawater.  At  cur-  . 
rent  densities  not  exceeding  this  limit,  the  average  deteri-r 
oration  rate  varies  from  1.6  to  2.5  pounds  per  ampere-year. 
Deterioration  of  2.5  pounds  per  ampere-year  corre  .ends  to 
a current  density  of  1.0  ampere  per  square  foot  cr  less; 
deterioration  of  1.6  pound  per  ampere-year  corresponds  to  a 
current  density  of  3.75  amperes  per  square  foot .(Reference  19.) 


The  potential  between  steel  and  graphite  in  contactwJ_bh-sol 1 
or  water  is  2.0  volts.  Thus,  a voltage  .in-excefss  of  2.0 
volts  must  be  impressed  by  the  rectifier  to  cause  current  to 
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4.2.2  High-Silicon  Cast  Iron.  Cast  iron  containing 
14  to  15  percent  silicon  plus  1 or  2 percent  other  elements 
(carbon,  manganese,  molybdenum)  has  boon  used  effectively  as 
anode  material  in  the  past,  in  low-chlorine  environments. 


3ft 


This  material .has  been  used  for  over  50  years  in  engineering  . 
equipment  such. as  pumps,  valves,  and  special  products  for. 
the  chemical  industry.  The  cast  surface  is  readily  and  con- 
tinually oxidised  with- a thin  film  of  silica  (SiOg),  develop- 
ing a passive  surface,  which  further  retards  corrosion,  de-r- 
creasing  the  deterioration  rate  from  approximately  20  lbs./ 

• ampere -year  to  less  than  1.0  lbs. /ampere-year.  ' 

Where  gases  of  the  halogen  family  are  generated  and  in  intim- 
ate contact  with  the  anode  for  an  extended  period  of  time, 
however,  the  film  does  not  prevent  attack.  Localized  cor- 
rosion and  pitting  occur  with  time.  This  is  particularly  ‘ 
applicable  to  chlorine,  which  is  very  aggressive  and  readily 
developed  during  electrolysis  of  water  containing  relatively 
low  concentrations  of  chloride  ion. 


This  observation  resulted  in  the  development  of  a modified 
high-silicon  iron  alloy  resistant  to  these  aggressive  condi- 
tions. Nominal  compositions  are  identical  except  the  im- 
proved alloy  (high-silicon,  chromium-bearing  cast  iron, 
HSCBCl)  contains  about  4.5$  chromium.  This  element,  along 
with  silicon,  forms  a more  passive  and  stable  film,  resis- 
tant to  chlorine  under  aggressive  conditions.  HSCBCl  anodes 
have  replaced  the  silicon  alloy  for  cathodic  protection  use, 
and  are  presently  the  only  ones  commercially  available. 


4.2.3  Hlgh-Sillcon  Chromium-Bearing  Cast  Iron 
(HSCBCl).  HSlral  possesses  basic  properties  that  are  common 
co  ail:  metals.  They  are  dense  and  homogeneous,  assuring  uni- 
formity throughout.  They  cannot  absorb  moisture  and  become 
soft,  losing  electrical  conductivity,  Otypioal  composition 
is  given  in  Table  2. 


Table  2 


oen 


Chromium 

Carbon 

Manganese 

Iron 


Percent 

1435  aiin. 
4.50 
0.95 
0.75 

Remainder 


Table  3 lists  some  of  the  more  important  mo chan leal  and 
physical  properties.  - HSCBCl  anodes  have  higher  strength 
than  nonmetallic  anodes t however,  their  very  lew  elongation 
makes  them  subject  to  fracture  from  severe  meohanical  or 
thermal  shook. 
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Table  '3 

Mechanical  and  Physical  Properties  of  HSCBCI  Anodes 


Tensile  Strength  (l/2"  dla.  bar),  psi  15,000 

Compressive  Strength,  psi  100,000 

Hardness,  Brlnell  520 

Density,  gr/ml  7.0 

Melting  Point,  °P  2,300 

Specific  Resistance,  micro-ohms-cms  (20°C)  72 

Coefficient  of  expansion,  32°  to  212 °F  7.33  x 10“6 


Because  HSCBCI  is  an  iron  base  alloy,  it  possesses  the  good 
electrical  properties  common  to  all  metals,  (its  specific 
resistance  is  72  micro-ohm-centlmeters  at  20°C. ) In  addi- 
tion, unlike  graphite  anodes  which  require  several  volts  im- 
pressed at  the  rectifier  to  overcome  the  galvanic  potential 
difference  between  carbon  and  steel  for  any  current  to  flow, 
HSCBCI  anodes  produce  current  when  only  the  slightest  volt- 
age is  impressed.  HSCBCI  anodes  exhibit  superior  conductiv- 
ity and  lower  back  EMP  than  nonmetallic  anodes.  Also,  very 
little  change  in  resistance  is  noted  with  time,  unless  the 
anode  is  damaged. 

a.  Standard  Anode  Shapes  and  Sizes.  Tvpical  standard 
sizes  of  HSCBCI  anodes  are  listed  in  Table  4,  along  with 
•■ome  general  applications.  Type  M (Figure  17)  is  generally 
used  for  military  applications;  this  anode  is  available  with 
both  ends  cored  for  joining. 

Additional  "special  abodes"  - variations  of  standard  sizes 
and  other  shapes  - are  given  in  Table  5.  Type  G "duct" 
anode  and  Type  K "button"  anode  are  shown  in  Figures  18 
and  IQ.  .HSCBCI  anodes  can  be  produced  only  as  castings. 
This  somewhat  restricts  their  length,  but  allows  consider- 
able flexibility  in  design.  Special  anodes  for  specific 
problems  can  frequently  be  produced,  but  are  generally  more 
costly  than  standard  anodes. 
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WHgirf 

Each 

Lbs. 


Table 


Area 

Sq.Ft. 


1-1/2  "x60" 

25 

2.0 

1-1/2  "x60" 

26 

2.0 

1-1/2 "x60" 

26 

2.0 

2"x60" 

44 

2.6 

2"x6o" 

60 

2.8 

3"x36" 

80 

2.5 

3"x50" 

110 

4.0 

4-1/2 "x60" 

220 

5.5 

is  - HSCBCI 
General 

Application  Special  Feature s 

Fresh  water  Each  end  enlarged 
tanks.  to  1-1/2"  dla. 

with  cored  oDen- 
Ing  for  Joining. 
Open  box  Uniform  1-1/2" 

coolers  dla.  with  cored 

requiring  opening  both 

lengths  ends  for  Join- 

greater  lng. 

than  5 ft. 

Groundbed  One  end  only  en-? 

with  back-  larged  to  2" 

fill*  dla.  with  cored 

opening  for 
cable  connection. 
Groundbed  Each  end  enlarged 
"with  back-  to  2"  dla.  with 

fill  per-  cored  opening 

mlts  Join-  for  cable  con- 
ing In  nection. 

series. 

Groundbed  Uniform  2"  dla. 

without  with  cable  con- 

backfill.  nectlons  on  one 

end  only, 

Vllld  saline  Each  end  enlarged 
or  deep  to  3"  dla.  with 

well  with-  cored  opening 

out  back-  for  Joining, 


Open  box 
coolers 
requiring 
lengths 
greater 
than  5 ft. 

Groundbed 
with  back- 
fill. 


Groundbed 
with  back- 
fill per- 
mits Join- 
ing In 
series. 
Groundbed 
without 
backfill. 

Mild  saline 
or  deep 
well  with- 
out back- 
fill. 

Severe 
ground, 
deep  well 
or  seawater 
without 
backfill. 
Severe 
ground, deep 
well  or  sea 
water  with- 


Ino  ».*nd  only  ori- 
larred  f.n  r" 


ground,  larged  to  c" 
deep  well  dla.  with  cored 
or  seawater  opening  for 
without  cable  conn^ct- 

backflll,  ion. 

Severe  On.;  end  only  o,.- 

ground,deep  larged  to  V'dla. 
well  or  sea  with  cored  open- 
water  with-  In.'  for  cable? 
out  backfill. conno at  Ion. 

Seawater  with  Uniform,  /l-i/p” 
high  current  dla. with  cor.  d 
discharge  per  op.-uUi>-  each 
anode . ouu . Venn!  t 

'•wo  cable  cen- 
lV'ctlonr,  If 
r^qu  ’ r.;.l . 
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Table  -5 
Special  Anodes’  - 


HSCBCI 


* : 


Type 

Weigh 
Nominal  Each 
Size  Lbs. 

t Area 
Sq. 
Ft. 

General 

Application 

Special  Features 

FW 

l-l/8"x9" 

1 

0.2 

Elevated 

Lightweight  flexible 

, 

fresh  water 

assembly  with  con- 

• 

tank. 

tinuous  cable. 

FC 

1-1/2 "x9" 

4 

0.3 

Dist. system 

Cored  opening  each 

in  ground 

end  for  joining 

trench. 

anodes  in  series. 

G 

2"x9" 

5 

0.4 

Underground 

Inside  configuration 

cables  in 

permits  single  cen- 

ducts. 

ter  cable  to  anode 

* 

connection. 

B-30 

l"x30" 

7 

0.7 

Telephone  or 

Cable  connection  end 

electrical 

1-1/2 "dia. (Half  of 

ground  rod. 

Type  B Anode). 

C-30 

1-1/2 "x30 

U 

1.0 

Dist. system 

Cable  connection  end 

12-1/2 

for  more 

1-1/2"  dia. (Half  of 

difficult 

Type  C Anode). 

applications. 

CD-30 

' 1-1/2 "x30 

" 13 

1.0  . 

Dist. system 

Cable  connection  end 

for  more 

2 "dia.  (Half  cf 

difficult 

Type  CDD  Anode). 

applications. 

M-30 

2"x30" 

30 

1.3 

Dist.  system  Cable  connection  end 

for  more 

3"  dia.  (Half  ox 

aggressive 

Type  M Anode). 

applications . 

K-3 

3"x3" 

6 

0.25 

Small  heat 

"Button"  anode  with 

exchangers 

integral  cast  bolt 

and  like 

for  attaching  to 

structures 

structure  using 

with  limit- 

suitable  gasket. 

ed  mounting  area. 

k-6 

6"x2-l/2" 

16 

0.5 

Ship  hull. 

"Button  anode  with 

lock  gate. 

integral  ca3t  bolt 

for  attaching  to 
structure  using 
suitable  gasket. 


K-12  12"x3~7/l6"  53  1.0 


heat 

exchangers , 
or  any 
other  struc- 
ture with  large 
flat  surface. 

Ship  hull,  "Button"  anode  with 
lock  gate,.  Integral  cast  bolt 

heat  ex-  for  attaching  to 

changers,  structure  using 

or  any  other  suitable  gasket, 

structure 
with  large 
flat  surface. 


t 


1 


I 
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63 


Washer 


H0"  Ring,  Rubber 


Wasner 


Wos  „er,  Corrosion-Resistant 
Steel 


Nut,Corrosion- 


Flag  Lug 


Bronze  Cover 


Figur#  19 

BUTTON  TYRE  ANODE 


b.  Electrical  Connections.  Because  HSCBCI 
extremely  hard  and  not  easily  drilled,  the  electr 
nection  is  made  using  special  techniques.  Maximu 
able  resistance  between  cable  and  anode  should  be 
High  molecular  weight  polyethylene  (HMWPE)  insula 
cable  is  fitted  into  a cored  hole  in  the  anode  en 
hole,  enlarged  at  the  Internal  end,  is  partially 
lead  to  secure  the  cable,  and  then  carefully  seal 
dud*1  moisture.  An  epoxy  cap,  1-lnch  high  mlnlmu 
the  top  (Figure  17  and  Figure  20  show  addltlo 
FEP  seal). 


It  is  desirable  and  has  become  more  common  practi 
piement  the  above  moisture  seal  with  an  external 
capsulation  (Figure  21).  When  properly  applied 
ture  will  preclude  a current  discharge  and  rourrll 
anode  end.  (Necking  occurs  here,  as  with  graphlt 
This  is  mandatory  for  inaccessible  locations  such 
ground  beds , aggrosislvu  applications  involving  cal 
and/or  temperatures  above  ambient. 


II 


Interface 
Sea  I or.  t 


Heat  Shrinkable  Etched 
Teflon  (FEP)  Tiding — -■ 


No.  8,  7-Strand  Copper  Cable 
‘with  HMWPE  Insulation 


Interface  Sealant 


Epoxy  Cap,  1 M High 
Minimum  integral  with 
Annular  Seol 


Pbtting 

Compound 


•Washer  1/4"  Thick 


Caulked 

Lead 


Heat  Shrinkable  Etched 
Teflon  (Fff)  Tubing 


Tinned  < 
Wires 


Anode 


Figure  20 

ANODE-TO-CABLE  CONNECTION  - TEFLON  SEAL 
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The  anode-co-oable  connection  is  the  weakest  point  of  any 
impressed  current  anode,  and  requires  careful  workmanship 
and  quality  materials.  A representative  number  of  any  anode 
shipment  should  be  carefully  inspected  and  tested.  Seals 
should  be  well-bonded  and  of  specified  materials.  Anode-to- 
eable  resistance  should  be  below  the  minimum  value  stated 
above.  Occasionally,  spectrographic  analyses  of  the  alloy 
should  be  made. 


Anodo-fco-cable  connections  may  or  may  not  be  made  and  insu- 
lated by  the  anode  casting  manufacturer.  If  not  made  by  him, 
the  casting  manufacturer  assumes  no  responsibility  for  their 
•mality. 

4.2.4  Aluminum.  Aluminum  anodes  are  sometimes  used 
for  cathodic  protection  of  the  interior  of  water  storage 
tanks.  Tholr  main  advantages  are  lower  initial  cost  and 
light  v/eight.  The  corrosion  products  of  the  anode  do  not 
contaminate  potable  water.  The  deterioration  rate  of  alum- 
inum is  6.5  pounds  per  ampere-year.  Commercially-avallable 
anodes  are  not  over  75  percent  efficient  and  are  consumed  at 
a rate  of  9.0  pounds  per  ampere-year.  This  high  consumption 
rate  is  undesirable  and,  because  of  it,  HSCBCI  anodes  or 
-raphite  anodes  are  being  used  instead  of  aluminum.  Alumi- 
num anodes  are  generally  used  only  where  a one-year  or  so 
ll*e  is  required  (icing  conditions  in  unheated  tanks,  etc.) 
n addition,  alloying  is  extremely  critical,  making  this 
tat'  rial  impractical  for  moot  applications. 


4.2.5  Platinum.  Platinum  wire  is  sometimes  employed 
as  an  anode,  generalise  to  protect  Internal  surfaces  where 
space  is  limited  (internal  surfaces  of  pumps,  pipelines, 
v/ells,.  etc.).  Platinum  is  essentially  insoluble  (approxi- 
mately 0.00001  pound/ampere-your  in  flowing  seawater  at  cur- 
rent densities  from  50  to  500  amperes  per  square  foot  - see 
reference  20).  However,  this  metal  is  fragile  and  prohibi- 
tively expensive,  and  is  used  mainly  as  a thin  coating  over 
other  noble  metals  (paragraph  4.2,6). 


4.2.6  Platinized  Titanium  (Tantalum,  Niobium). 

Titanium  is  ahighly-reactlve  metal'  which  forms  an  adherent, 
inert  oxide  film  in  moot  corroding  media.  Very  little  cur- 
rent will  .leave  this  surface,  once  the  oxide  has  formed,  be- 
cause the  oxide  has  high  electrical  resistance.  This  elimin- 
ates the  use  of  titanium  itself  as  an  anode.  However,  if  a 
thin  layer  of  platinum  Is  plated  onto  titanium  ("platinized 

f’-Ttttss  f.mm  the  titanium  through  the 
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platinum  into  the  electrolyte. 


Platinized  titanium  anodes  are  easily  fabricated  and  op- rate 
■it  h£gh  current  densities  (general! v around  l^n  amperes/ 
iwfc2).  Only  a very  small  platinize i net  a In,  -h- , 


require .1  for  mess  applications.  Fully  platinized  and  parti- 
ally platinized  anodes  are  both  manufactured.  The  partially 
platinized  anode's  allow  current  flow  only  from  platinized 
areas.  These  anodes  are  stronger  and  less  expensive  then 
solid  platinum.  Deterioration  rate  is  low,  essentially  that 
of  solid  platinum  (Q.00Q01  lb/ampere-year  in  seawater). 
Platinum  thickness  of  100  microinenes  is  typical. 

Anodes  that  are  fully  platinized  can  withstand  extremely 
high  voltages.  However > those  which  are  only  partially  plat- 
inized are  subject  to  voltage  limitation  ("breakdown  volt- 
age"). The  breakdown  voltage  is  that  at  which  titanium 
oxide  decomposes.  This  value  varies  from  8.5  to  14  volts 
anode-to-electrolyte  voltage  (reference  21 ) depending  on 
electrolyte.,  film  thickness,  surface  roughness,  and  salinity 
of  water.  A system  voltage  of  12  volts  is  generally  permis- 
sible. 

A typical  platinized  titanium  anode  system  is  shown  in  Figure 
22.  It  consists  of  five  components:  The  metal  to  be  pro- 

tected; a reference  electrode  (Figure  23)  mounted  on  or 
near  the  cathode  surface;  the  anode (s)  (Figure  24)  mounted 
through  the  walls,  of  a tank  or  similar  structure,  or  sus- 
pended from  a dock  or  pier  (electrically  insulated-  from  the 
cathode);  a control  amplifier  which  signals  the  power  source; 
and  the  power  source  itself. 

In  addition  to  titanium,  platinized  niobium  or  tantalum 
anodes  are  also  available.  These  metals  form  oxide  films 
like  titanium.  Numerous  configurations  are  available;  the 
anode  of  Figure  24  is  typical.  Commonly-available  sizes 
of  this  anode  are  given  in  Table  6. 

Table  6 


Typical  Sizes  of  Platinized  Titanium  Probe  Anodes 


Diameter 

3/4  inch 
3/4  inch 
3/4  Inch 
3/4  inch 

1/2  inch 
1/2  inch 
1/2  inch 


Overall 

Length 

20  Inches 
12  inches 
23  Inches 
20  Inches 

20  inches 
17  Inches 
23  inches 


Extended 

Length 

15  inches 
7 Inches 
18  inches 
15  Inches 

15  inches 
12  Inches 
18  inches 


Platinized 

Length 


Inches 
3 Inches 
9 inches 
9 inches 

6 inches 
5 inches 
0 inches 
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WITH  PLATINIZED  TITANIUM  ANODES 
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U Gland  - Pocking 

2.  Extension  - Electrode 

3.  Assembly  - Element 

4.  Sleeve  - Pilot 

5.  Sleeve  - Insulator 

6.  Lug  - Terminal 

7.  Washer  - Plain,  3 l/B  - NI.PL.BRS. 

8»  Washer  - Lock,  Split  3/8  - CAD.  PL. STL. 

9.  Nut  - Hex,  Lt.Jam  - 3/8  - 16  UNC-2  B,  Nl.PL.BRS. 
10.  Head  - Universal,  T/C 


Figure  23 

TYPICAL  SILVER-SILVER  CHLORIDE  PROBE  REFERENCE  ELECTRODE 
ASSEMBLY  FOR  USE  WITH  PLATINIZED  TITANIUM  PROBE  ANODE 


Covet  Electrical  Connections 
with  Insulating  Grease 


TYPICAL  PLATINIZED  TITANIUM  PROBE  ANODE  ASStMBLY  (1/2-INCH) 


4.2.7  Alloyed  Lead.  Alloyed  lead  has  found  some  use 
as  a seawater  anode . Alloys  of  silver,  antimony,  tin,  or 
combinations  thereof  in  small  percentage  were  considered. 
These  form  a surface  film  of  lead  dioxide  (or  lead  peroxide) 
which  is  conductive.  As  the  oxide  film  forms,  the  rate  of 
lead  deterioration  drops  off  typically  from  2 to  3 lbs./ 
ampere-year  to  approximately  0,2  lbs  ./ampere-year.  Th-.  oxide 
film  tends  to  decompose  at  moderate  current  densities,  and  is 
.thus  limited  to  a range  of  about  3 to  25  amperes/foot2.  The 
alloyed  lead  anodes  are  seldom  used  because  other  materials 
have  proven  more  dependable. 

4-iB  Other  System  Components..  In  addition,  to  anodes  and 
power  sources,  impressed  current  cathodic  protection  systems 
contain  a number  of  other  system  components. 

*1.3.1  Conm-illng  Cables.  The  cables  whlnh  ; r»r»e  tr.e 
iM'ctl  riot*  power  source  to  anoi.b  r.  and  protected  rd.ru itur-  r are 
usually  bur.U-d  or  submerg'd  in  an  electro i /to  solution. 
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(However,  somet„.ner  It  is  advantageous  to  use  overhead  pole 
lines  or  "cable  racks"  on  adjacent  structures.)  For  that 
reason,  high  quality  insulation  must  be  used.  This  Is  es- 
pecially critical  on  "positive"  cables  (those  which  are  con- 
nected to  the  positive  terminal  of  the  rectifier  and  load 
from  it  to  anodes)  because  any  break  which  would  allow  cur- 
rent to  pass  out  of  it  and  into  the  electrolyte  will  mean 
cable  failure.  A further  discussion  of  cable  insulation  is 
found  in  paragraph  7.7.1. 

The  conductor  is  usually  single  conductor  stranded  copper. 
(ASTM  Specification  D-1248-70,  Type  1,  Class  C,  Category  5, 
Grade  J-3  for  HMWPE  insulation,  Specification  ASTM  B-3  for 
conductor.)  Number  8,  7-strand  is  the  size  used  for  most 
impressed  current  anode  lead  wires  (HSCBCT).  Number  A, 
7-strand  is  used  for  all  bonding.  Number  2,  7-strand 

or  larger  is  required  in  military  applications  for  the  posi- 
tive rectifier  cable  (rectifier  to  anodes).  Test  station 
wires  are  normally  Number  12  solid  copper  test  wire. 


4.3*2  Splices  and  Connections.  Splices  and  connect- 
ions in  an  impressed  current  system  should  be  kept  to  a 
minimum  to  avoid  excessive  circuit  resistance  and/or  current 
leakage  through  pinholes.  Wiring  is  most  often  burled  or 
submerged  in  an  electrolyte,  where  even  the  smallest  pinhole 
in  insulation  will  mean  rapid  failure.  The  loss  of  protec- 
tion could  be  for  long  periods  before  detection  and  would 
represent:  costly  repairs,  usually  involving  excavation. 
Rectifier  circuits  are  low  voltage;  thus,  any  increase  in 
resistance  will  substantially  increase  power  costs  and  may 
reduce  protection  effectiveness. 

It  is  necessary  to  splice  *a.;h  individual  anode  into  a 
"header"  cable  unless  abnormally  long  individual  leads  are 
used  between  each  anod**  and  rectifier  power  supply.  The 
cable-to-anode  connection  is  critical  point  in  all  •'•athodi  • 
protection  systems  (paragraph  4.2. 3. b).  In  addition, 

there  is  always  a connection  from  the  rectifier  to  the  pro- 
tected structure  which  is  equally  critical. 

Every  connection  should  be  carefully  inspected  hff<  r-  an  i 
after  insulation  with  material  of  a quality  at  l«*.ari  equal 
to  that  of  the  jable.  Thermit-welding  of  cable-to-st rucfcure 
or  cable-to-cabl°  connections  is  preferable  wher°  possible*. 
This  provides  the  •Treatost  likelihood  of  a low  resistance 
connect itr.,  without  sizable  chance  of  breakage  or  ensr -si*  n 
bull  tup  Interferin'  with  the*  connection.  A cable  ccnn*  nt  ton 
to  structure  using  a thermit  weld  Is  shown  in  Fi»?ar**  2*>. 

A typical  cable*  splice?  using  a thermit  weld  was  shown  in 
Figure  7.  Further  inscription  and  detailed  apecifi nations 
for  this  is  found  In  paragraph  7.8. 
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Insulated 
Copper  Cable 


Alternate  cable- to-otructure  connections  is  shown  in  Figure 

26.  These  are  applicable  in  areas  where  thermit  welds 
may  nos  be  used,  due  to  damage  of  fire  or  explosion  from 
fhe  ex  thermic  weld  process. 

Alternate  splice  connections  include  mechanical  connections 
of  various  types.  Crimp-type  and  split-bolt  connectors  are 
most  common'Jy  encountered. 

A cable  connection  to  lead  sheath  cable  is  shown  in  Figure 

27. 


4.3.3  Resistor  Box.  V/ here  several  anod*  circuits 
are  supplied  current  from  one  rectifier,  it  is  sometimes 
useful  to  employ  a "resistor  box"  (Figure  28).  This  is  a 
terminal  box  containing  variable  resistors,  each  connected 
Into  one  anode  circuit.  These  resistors  are  varied  to  pro- 
vide necessary  current  level  to  each  circuit,  in  order  to 
maintain  adequate  cathodic  protection  without  overproteetion 
(proper  current  distribution). 

4.3.4  Backfill.  Backfill  is  used  around  anodes  in- 
stalled in  the  ground  to  r,edii‘,e  fiontaat  roni.stv.anac  and 
local  corrosion  of  the  anode  rurfuta  . It  wav  .al.-« > tu'roase 
anode  Ilf*  by  b<*ln,”  • v.suiik  t Itself,  Fa-kfUl  also  provider 
a uniform  * nvlroiimeni  for  w anode:'.  *»nl  hold?  moi  ’tui'e 
around  hlv  anoh 
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"Carbonaceous"  backfill  material  is  usually  used.  This 
material  is  most  often  coke  breeze  (essentially  finely  divi- 
ded, low  resistance  carbon  particles).  Typical  physical  and 
chemical  specifications  for  impressed  current  anode  backfill 
are  given  in  Table  7.  This  material  is  used  with  both 
HSCBCI  and  graphite  anodes. 

Table  7 


Coke  Breeue  Backfill  for  Impressed  Current  Anodes 


Physical  Analysis 
100$  to  pass  a 1/2^  scre.en 
35$  to  pass  a 3/8"  screen 
20$  minimum  to  remain  on.  1/8"  screen 


Chemical  Analysis 

Moisture 
Volatile  Matter 
Fixed  Carbon 
Ash 

Sulphur 


3.0  to  3.14$ 
78.22  to  78.40$ 
18.6$ 

1.20$ 


Resistivity  shall  be  a maximum  of  50  ohm-centimeters  on  a 
dry  basis  not  under  pressure. 


Coal  coke  will  usually  meet  these  standards  without  exten- 
sive treatment.  Petroleum  coke  must  be  calcined.  Natural, 
or  flake  graphite  might  also  be  used. 


Backfill  is  often  used  around  impressed  current  anodes  in- 
stalled in  the  earth.  It  performs  the  following  Important 
functions: 

Lowers  anode-to-soil  resistance 
Helps  eliminate  gas  blocking 
Permits  U3e  of  greater  current  density 
Permits  uniform  deterioration  of  the  anode 
Extends  anode  life. 

In  effect,  backfill  extends  anode  length  and  diameter  to 
the  dimensions  of  the  surrounding  backfill,  thereby  reduc- 
ing. anode  resistance  to  ground.  In  some  soils,  particularly 
tight  clays,  the  functioning  of  the  anode  may  be  impaired 
with  time,  unless  backfill  is  used,  because  of  oxygen  that 
build3  up  on  the  unode  surface.  This  condition  is  known  as 
gas  blocking  and  retards  current  flow. 


Backfill  should  be  thoroughly  tamped  around  the  ancdcs  to 
eliminate  gas  blocking,  and  to  achieve  good  i loetrieal  con- 
tact to  anode  surface.  Further  information  on  backfilling 
holes  for  anodes  lr.  found  in  paragraph  7«t*. 
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’i  .4  Advantages  of  Impressed  Current  Cathodic  Protection. 
Imp  re  s s o d--!urrent'  cathodic  protection  has  several  advantages' 
over  galvanic  anodes.  (Advantages  of  galvanic  anodes  are 
discussed  in  paragraph  5.4. ) 

Impressed  current  system  output  3s  not  limited  by  a natural 
galvanic  potential;  consequently  the  output  can  be  varied 
relatively  easily.  A change  in  rectifier  output  in  a prop- 
erly designed  system  will  overcome  the  effects  of  changes 
in  environment  and  structure  surface.  To,  change  the  output 
of  galvanic  anodes,  the  number  of  anodes  must  be  altered. 
This  requires  costly  excavations. 

In  high-resistance  environment,  impressed  current  can  be 
supplied  with  comparatively  few  anodes  and  a minimum  of 
effect  to  other  structures.  This  is  both  a space  and  cost 
advantage  over  galvanic  anodes. 

Impressed  current  has  another  space  advantage  over  galvanic 
systems:  anode  beds  can  be  more  readily  located  at  the 

point  tvhere  current  will  be  supplied  most  efficiently.  Pos- 
sible ground  orientations  include: 

deep  anodes  (50  feet  or  deeper) 
distributed 

multiple,  low-output  units 
tank  and  vessel  interiors 
Inside  duct  systems. 

(Examples  of  various  cathodic  protection  systems  are  given 
in  paragraph  6 . ) 

4.4.1  Deep  Anode  Installations.  A deep,  anode  .Instal- 
lation is  defined  as  one' with  anodes'  located  at ‘a  depth  of 
50  feet  or  greater  below  grade.  Current  is  emitted  ai  this 
depth  so  that;  only  a small  percentage  is  received  by  ford  *u 
structures  close  to  the  surface  (chose  not  being  placed 
under  protection). 

4.4.2.-  Distribute-! . A distributed  anode  installation 
is  generally  considered" as  one  made  up  of  a greater  number 
of  anodes  than  usual,  with  all  anodes  placed  relatively 
close  (1  to  20’)  to  the  surface  of  the  protected  structure 
and  the  current  distributed  over  the  entire  surface  .mn, 

4.4.3  Multiple  Low-Output  Units.  This  arrangement 
refers  to  a number  of  small  installations  consisting  of  few 
anodes  and  low  output  power  source  with  each.  These  are 
used  in  place  of  fewer  largo  units  to  reduce  current  dens- 
ities and  total  power  cost. 

Tank  and  ye&sel  Interiors . Relatively  small 
anodes  are  located  in  positions  whore  they  will  emit  cur- 
rent to  surfaces  needing  protection  without  excessive 
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displacement  and/  changes  In  fluid  flow  characteristics. 

4,4.5  Inside  Ducts.  Connected  multiple  lead  anodes 
are  located  in  utility  duct  systems  to  protect  metal- 
sheathed  cables  (a  special  type  distributed  anode  system). 

5 C-ALVAMIC  ANODE  SYSTEMS.  Galvanic  anodes  generate 
their  own  current.  Each  galvanic  anode  is  connected  to  the 
structure  to  be  protected.  They  are  simply  pieces  of  metal 
which  develop  in  appreciable  potential  between  themselves 
and  the  structure,  discharging  current  into  the  electrolyte 
and  onto  the  structure  surface.  For  practical  purposes, 
the  amount  of  cathodic  protection  provided,  by  a galvanic 
anode  is  considered  proportional  to: 

1.  Potential  between  galvanic  anode  and  protected 
structure . 

2. %  Resistance  of  electrolyte. 

Therefore,  anode  output  and  effectiveness  is  best  deter- 
mined by  trial  and  error  (using  test  anodes,  for  example). 
Any  other  method  is  merely  an  estimate,  based  on  the  experi- 
ence' of  the  design  engineer.  Such  factors  as  moisture  con- 
tent and  composition  of  environment,  coaling  quality,  polar- 
ization characteristics,  and  seasonal  variations  greatly  in- 
fluence output.  VJith  impressed  current,  rectifier  output 
is  altered  to  overcome  these  variables.  With  galvanic 
anode;:,  output  is  set.  Testing  is  important  in  determining 
ra'>  .nic  anode  output.  Just  as  in  determining  whether  a 

.cture  will  corrode  in  a given  environment;  the  principal 
In  Doth  instances  is  the  same:  the  corrosion  behavior  of  a 

given  metal  in  a given  electrolyte.  Therefore,  experience 
is  especially  Important  with  galvanic  anode-  systems.  Pro- 
tection requirements  can  be  computed;  actual  anode  output 
caw.  only  be  ostiinat-  l unless  data  from  actual  Installed 
anodes  is  used. 


Galvanic  anodes  used  for  cathodic  protection  are  usually 
magnesium,  zinc,  or  aluminum.  The  maximum  potential  be- 
tween these  anod-  s and  a protected  structure  will  never  ex- 
c **'l  a value  slightly  in  excess  of  one  volt.  Current  flows 
oih  d*  a galvanic  mode  Into  the  electrolyte.  It  passes 
tl.c  u h .•l.'otroiyte  and  is  received  by  the  surface  of 
■If  nroUrciort  structure.  It  passes  through  the  protected 
.Mi'u-iuro  to  the  insulated  cable  and  fellows  this  cable 
bo  d-  the  i ;ai /anlc  anode. 


..i  Anodes.  Galvanic  anodes,  like  impressed  current 
• 1 1< id*  s4  must  b-;  made  of  material  with  a deterioration  rate 
' hat  wi  l l provide  reasonable  anode  life  from  a practical 
amount  ol’  material.  Anodes  cannot  be  too  costly  or  fragile. 
The  potential  difference*  between  anode  and  structure  must 
bo  groat  enough  to  force  ad-  qua  to  protective  current  onto 
the  structure.  Mat*. rials  with  those  chimcterlrtl ir  which 
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are  currently  used  as  practical  "i-lvanic  anodes  include  ma g- 
nesiurn,  sine  and  aluminum. 

p.Js.i  l-iugnc-slum.  Magnesium  anodes  av< ■ comm-L'clu.l  L.y 
available  as  castings  and  extrusions  in  weights  ranging  from 
1 to  200  pounds  (Figure  29).  A variety  of  shapes  are 
available  for  application  in  soil,  condensers,  tanks,  heat 
exchangers,  and  inside  large  gate  va]ve3,  to  mention  a few 
practical  applications. 

a.  Alloying.  Two  alloys  are  commonly  used;  these  are 
referred  to  as  standard  and  hlgh-manganese  (high-potential ) . 
Typical  specifications  for  these  alloys  are  shown  in  Tables 
B and  9.  The  high-manganese  alloy  yields  approximately 
20  to  30  percent  more  current  output,  with  resulting  shorter- 
life,  and  an  increased  driving  potential  (open  circuit)  of 
-1.75  volts  relative  to  copper-c’opper  sulfate  as  opposed  to 
-1.55  volts  for  the  standard  alloy.  In  addition,  a so- 
called  "High  Current"  anode  is  available.  Thi3  is  an  elong- 
ated standard  alloy  anode  which  generates  40  to  50  percent 
higher  currents  because  of  ihor^ased  surface  are'1.  ( ASTM 
Specification  AZ63A). 

Magnesium  is  subject  to  self-corrosion  which  varies  with 
alloy  composition  and  impurities.  Metals  considered  impuri- 
ties in  magnesium  anodes  are  usually:  Iron,  nickel,  copper, 

“silicon,  lead,  and  tin.  All  these  impurities  form  Lntor- 
metalllc  compounds  with  magnesium  which  are  cathodic:  to  the 
surrounding  magnesium  and  tend  to  increase  the  amount  of 
self-corrosion.  Self-corrosion  restricts  the  usable  ampere- 
hours  of  magnesium  anodes. 

Of  the  listed  Impurities,  nickel  can  be  the  most  detrimental, 
producing  a marked  reduction  in  current  efficiency  w!vn 
present  in  amounts  exceeding  0.005  percent.  Iron  mules 
second  In  detrimental  effect,  causing  almost  as  much  sftIf- 
corrcsion  as  nickel  when  present  in  the  same  quantity. 

Copper,  lead,  tin,  and  silicon  have  slightly  ’ less  * f I’-’ct  on 
magnesium  anode  efficiency  In  quantities  over  p*  rcent , 

with  silicon  having  the  least  effect. 

Table  8 

Chemical  Analysis  of  Magnesium  Anodes  (Standard  Alloy)1 


Element 

Aluminum 

Manganese 

Zinc 

Copper 

Silicon 

Icon 

Nickel 

Other  Metallic  Elements 
Magnesium 

1 A3TH  .Specification  AZ63. 


Percentage 


0.15#  Minimum 
2.5  - 3.555 

0.02#  Maximum 
0.10#  Maximum 
Maxim::::; 
0.002#  Maximum 
0.3#  Maximum 
Remainder 


[ 


t 

f 


f 


£ 

C 


I 

I 


I* 
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Table  -9 

Chemical  Analysis  of  Magnesium  Anodes  (High  Potential) 


Element 

Aluminum 

Manganese 

Zinc 

Copper 

Silicon 

Iron 

Nickel 

Other  Metallic  -Elements 
Magnesium 


Percentage 
C>.'OlO$  Maximum 
0.5  - 1.3$ 

0.02$  Maximum 

0.03$  Maximum 
0.001$  Maximum 
0^05$  each  Maximum 
0.3056  total  Maximum 
Remainder 


(*)  In  the  range  0.5  - 0.8$,  Mn.  is  at  least 
0.5  + 60  x Al.  $ by  weight. 


All  metals  wore  riobie  than  iron  produce  intermetallic  com- 
pounds with  magnesium.  However,  iron  forms  an  unstable 
intermetallic  compound  with  magnesium.  At  temperatures  be- 
low the  melting  point  of  magnesium,  iron  occurs  at  Isolated 
particles  dispersed  throughout  the  magnesium  matrix.  Man- 
ganese, zinc,  and  aluminum  form  intermetallic  compounds, 
with  iron,  thereby  reducing  self -corrosion  of  magnesium  due 
to  the  presence  of  free  iron.  The  reason  for  this  is  that 
manganese  has  a higher  melting  temperature  than  magnesium 
and  that  manganese  is  closer  than  iron  to  magnesium  in  the 
’■alvanic  series.  The  manganese  will  usually  freeze  out  as 
a magnesium-manganese  Intermetallic  compound  which  has  a 
higher  freezing  temperature  than  most  intermetallic  com- 
pounds formed  in  magnesium.  This  intermetallic  compound 
will  tend  to  freeze  out  of  the  molten  magnesium  around  the 
iron  (which  is  first  to  freeze  out),  forming  an  envelope 
around  the  iron.  Iron  thus  is  isolated  and  door;  not  contri- 
bute to  anode  self-corrosion.  Manganese  is  cathodic  to 
magnesium  but  to  a much  lesser  extent  than  iron,  so  that 
potential  of  a high-  manganes*  anode  (more  than  0.50  percent 
manganese)  is  -1.75  volts  referred  to  a copper-copper  sul- 
fate half-cell  as  compared  to  -1.55  volts  for  a standard 
alloy  magnesium  anode.  The  efficiency  of  the  hi  *h  mangan- 
ese anode,  however,  is  somewhat  lower  than  for  standard 
alloy  magnesium. 

Aluminum  and  zinc  era  both  cathodic  to  magnesium,  but  ar- 
both  useful  in  the  5 percent  aluminum,  3 pore  •tc  sin  •, 
magnesium  alley,  Aluminum  and  zinc  form  inio  enK  tall i c com- 
pounds with  the  cathodic  group  of  metals  and  with  magnesium, 
which  Improves  the  characteristics  of  magnesium  as  a galvan- 
ic anode,  but  in  turn  reduces  the  open  eir-ult  potential  to  ‘ 
-1-55  volts—  Th"  reduced  potential  does  not  in  hi  cate  thr* 
amount  of  scli-oorroslon  occurring,  as  high  purity  magnesium 
which  has  a higher  potential,  but  suffers  from  more  self- 
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corrosion  than  the  standard  alloy.  The  lower  potential  of 
standard  6 percent  aluminum,  3 percent  zinc:,  magnesium 
alloys  is  due  partly  to  self-corrosion  and'  partly  to  the 
lower  potential  of  the  intermetallic  compounds  of  magnesium 
with  aluminum  and  zinc. 

b.  Anode  Efficiency.  Theoretically,  pure  magnesium 
has  an  electrochemical  equivalent  of  8J3  pounds  per  ampere- 
year  or  1000  ampere-hours  per  pound.  Pure  magnesium  is  im- 
possible to  produce;  the  commercially,  ’’pure'’  .product  achieves 
much  lower  values  of  ampere  hours  per  pound  (Figure  30). 

As  discussed  in  paragraph  5. 1.1. a,  alloying  can  improve 

this  efficiency. 

Efficiency  of  magnesium  as  an  anode  varies  with  current  den- 
sity (Figure  30).  At  anode  current  densities  greater  than 
500  milliamperes  per  square  foot,  the  efficiency  of  standard 
alloy  anodes  will  approach  65  percent  and  an  electrochemical 
squivalent  of  650  ampere-hours  per  pound.  At  current  densi- 
ties less  than  100  milliamperes  per  square  foot,  this  effic- 
iency will  usually  not  exceed  50  percent  or  an  electrochemi- 
cal equivalent  of  500  ampere-hours  per  pound..  At  current 
densities  below  25  milliamperes  per  square  foot,  self-cor- 
rosion  is  greater  than  the  corrosion  producing  useful  pro- 
tective current  so  that  efficiency  of  standard  alloy  anodes 
is  below  50  percent. 

High  manganese-magnesium  anode  efficiency  varies  with  cur- 
rent knsity  much  the  same  as  a standard  alloy  anode  except 
tha  over-all  efficiency  is  lower.  At  anode  current 

densities  greater  than  500  milliamperes  per1 square  foot, 
efficiency  of  high  manganese  alloy  anodes  approaches  55  per- 
cent and  an  electrochemical  equivalent  of  550  ampere-hours 
per  pound.  At  100  milliamperes  per  square  foot,  efficiency 
is  approximately  ^0'  percent  and  at  anode  current  densities 
below  25  milliamperes  per  square  foot,  efficiency  is  below 
35  percent. 

c.  Potential^.  Open  circuit  potential  of  standard 
alloy  magnesium  anodbs  is  approximately  -1.55  volts  to  a 
copper-copper  sulfate  haaf-cell.  The  open  circuit  potential 
of  high  manganese-magnesium  anodes  is  approximately  -1.75 
volts  to  a copper-copper  sulfate  half-cell. 

The  potential  of  iron  in  contact  with  soil  or  water  usually 
ranges  around  -0.55  volt  relative  to  copper-copper  sulfate. 
When  cathodic  protection  is  applied  by  means  of  magnesium 
anodes,  the  potential  of  iron  assumes  some  value  between 
-0.55  and  -1.0  volt  depending  upon  the  degree  of  protection 
provided.  In  highly  corrosive  soils  or  waters,  the  natural 
potential  of  iron  may  he  as  high  as  -0.82  volt  relative  to 

rv  .*3  1 - CC 

-*  j.  v\-  * a i v m a-v  wy  vitav  ^ 

/oJt  should  riot  be  used  as  a criterion  for  calculating  the 
net  driving  potential  available  from  magnesium  anod-.s. 


Figure  30 

CURRENT  EFFICIENCY  OF  MAGNESIUM  ANODES 


A more  practical  approach  Is  to  consider  iron  polarized  to 
-0.85'  volt.  On  this  basis,  standard  alloy  magnesium  anodes 
have  a driving  potential  of  0.70  volt  (1.55  - O.85  = 0.70) 
and  high  manganese-magnesium  anodes  have  a driving  potential 
of  0.90  volt  (1.75  - O.85  volt  = 0.90).  For  cathodic  pro- 
tection design  involving  magnesium  anodes,  these  potentials.. 
0.70  and  0.90  volts,  should  be  used  depending  upon  alloy 
selected. 

d. .  Backfill.  For  reasons  discussed  in  paragraph 
4.3.^  for  impressed  current  anodes,  backfill  is  also  often 

useful  for  magnesium  anodes.  Analysis  of  typical  backfill 
for  magnesium  anodes  is: 

Gypsum  75$ 

Bentonite  2(1$ 

Sodium  Sulfate  5$ 

Anodes  are  available  prepackaged  in  a permeable  cloth  sack 
containing  prepared  backfill. 

e.  Sizes,  Various  sizes  arid  shapes  of  magnesium 
anodes,  bare  or  packaged  in  selected  backfill,  are  listed 
here . 

(1)  Standard  Alloy.  Standard  alloy  sizes  for 
various  environments  are  given  In  Tables  10  - 12. 
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Table  10 

Magnesium  (Standard-  Alloy)  Anodes 
Standard  Size  for  Use  ir.  ..Soil 


Weight 

lbs. 

Siize.  Inches 

Pa  c Jcaged 

yt./ib. 

Packaged  Size 
Inches 

T'  " 

7 x 5 x t 

5^5  x‘8  " 

5 

2 x 3 x 8 

i? 

5.25  x 11.25 

0 

3x3;:  14 

27 

5*25  x 20 

10 

1.5  X 1.5  X 70 

mum 

12 

^ X 4 X 12 

32 

7.5  x 18 

16 

2 x 2 x GO 

•m  mm 

Vf 

4 ::  4 x 1? 

45 

7.5  * 24 

17 

- x 3 28 

«■■■> 

32 

5 x v x 20-1/3 

68 

8.5  x 28 

’;o 

3 x 3 x GO 

... 

5 x.  5 x 31 

— ■» 

- » 

7 x 7 x aG 

IOC 

10  x 24 

8 x l*S 

100 

10  x 24 

>.  0 

2 x A x Go 

— 

TIvt 

e:  Core  material: 

regular  core  for 

soil  anod  »s  Is  a 

>,'.l  Vi-’ 

ized,  coert  Ditch. 

rntra! -wound  strlo  3/8  Inc.  ID, 

/2-in 
anod^  !■ 

. OD. 

Connecting  wire:  regular  connect 
is  a 10— ft . length  of  single-stran 

Ing  wire  for  sol; 
1 No.  12  AWG  TSf 

i utul  jt.id  copper  wire,  silver-soldered  t«:  the  core  with  the 
Joints  scaled  against  moisture.  Special  connecting  wires 
‘ l*.n  *ths  othe  r than  10  l*t.  are  available. 

Table  11 

Magnesium  (Standard  Alloy)  Anodes 
Standard  Size  for  Use  In  Water 

.•/**  irlit 


LiV>S  . 

Size , Inches 

Type  of  Core 

go 

rr 

5x5. 5 x 26 

3/4’  dia. , galvanized  pipe  core, 
flush  ends. 

50 

7 

x 7 x 16 

Threaded  3/4"  dia.  galvanized  pipe 
extending  1"  both  ends,  flush 
ends  optional. 

50 

7 

x 7 x 16 

1/2"  dia.  galvanized  eyebolt  core. 

O'.) 

8 

x 1'C 

3/4"  dia.  galvanized  pipe  core, 
flush  ends. 

50 

8 

x 10 

1/2"  dia.  galvanized  eyebolt  core. 

100 

7 

x 7 x 32 

3/4"  dia.  galvanized  pipe  core, 
flush  ends.. 

100 

7 

x 7 x 32 

1/2"  dia.  galvanized  eyebolt  core. 

loo 

8 

x 32 

3/4"  dia.  galvanized  pipe  core, 
flush  ends. 

10(7 

8 

v C*o 

1/2"  dia.  galvanized;  eyebolt  core. 

66 


Table-  12 

Magnesium  (Standard  Alloy)  Anodes 
Standard  Sizes  for  Use  In  Condensers  and  Heat  Exchangers 


V.' eight 

Lb. 

Size,  Inches 

Type  of  Core 

v r 

3xflx8 

374"  bol't 

24 

2x9x1 8 

1/4  x 2M  straps 

44 

4 x 9 x 18 

1/2  x 2"  straps 

6o 

7 x 9 x 18 

3/4 M bolt 

(2)  High  Current  Anodes.  Elongated  standard  alloy 
anodes  for  U3e  In  high-resistance  soils  are  given  In  Table 

13. 


Weight 


Table  13 


rauic  jp 

Magnesium  (Standard  Alloy  ) Blont^ited  Anodes 

Packaged  fttckaged  Size 

(J4>  Tk  T-  A — 


“T  “ 

r.-^xig — 

Tx~I53 

3 

2.35  x 10.5 

10 

4 x 14 

3 

2.63  x 14 

14 

4.5  x 18 

9 

2.49  x 28 

37 

5 x 33 

17 

2.86  x 40 

6u 

5w5  x 46 

32 

3.75  x 44 

96 

6.5  x 50 

60 

4.68  x 46 

120 

7 x 62 

67 


(_)  High  ilanganeae  (High  Potential).  High  mean- 
ere  alloy  sizes  for  soil  or  water  (packaged  for  soil  only) 
arc*  given  In  Table  14. 


Weight 

Lb. 


Tabic  14 

Kagnesiuw  (High-Potential 
for  Use  In  Soli  or 

Packaged 

' Inches  Wt..  Lb. 


3.75  x 3,75  x 7.5 
£.75  x 2.75  x 26 
3.75  x 3.75  x 13.25  27 


Alloy)  Anodes 
Water 

"Packaged  Sll« 
Inches 

rrro — — 

6 x 12 
g x 31 
6 x 17 


to 

3.75  x 3.75  x 18 

3b 

6 x H 

1 

2.75  x 2.75  x 41 

50 

6 x 4c 

r 

3.75  x 3.75  x 21 

42 

6.5  x 26 

IV 

2.75  x 2.75  x 50 

60 

6 x -55 

17 

3.75  x 3.75  x 26 

45 

6.5  x 29 

20 

2.5  x 2.5  x 59.25 

70 

5 x 66 

24 

4.5  x 4.5  x 23 

60 

7 x 30 

32 

5.5  x 5.5  x 21 

74 

8 x 28 

\ii 

3.75  x 3.75  x 59.25  105 

6.5  x 66 

48 

5.5  x 5.5  x 30 

100 

8 x 3? 

48 

8 x 1C 

100 

12  x 25 

vO 

4.5  x 4.5  x 6o 

— 

— 

"jtr*  : Core  materials  regular  core  Is  galvanized  20-gauge 

borfor*a:-d  steel  strip.  Anodes  longer  than  24 " have  9-gauge 

- ' • 

Connecting  wires  regular  connecting  wire  Is  10-ft. 
length  of  solid  #12  AWO  TW  Insulated  copper  wire,  silver- 
soldered  to  the  core  with  Joints  sealed  against  moisture. 
Special  wires  ur  otner  lengths  are  available. 

(4)  Exti*uded  Rod  Anodes.,  Standard  alloy  magnesium 
rod  anodes  for  use  in  water  tanks  and  water  heaters  are 
available  in  sizes  given  in  Table  15. 

Table  15 


Weight, 

lb.oer 

7T nr~ 

*).68 
•1 .06 

1.50 

2.50 


Magnesium  (Standard  Alloy)  Extruded  Rod  Anodes 
for*  Use  in  Water  Tanks  and  Heaters 


Size 

0.7 5’"  dia  x'TTt  WSTT'iT 
0.84”  dia  x 1/  ft:  to  20  ft 
1.06"  dia  x IJ’b  to  2u  ft 
1.315''  dia  x 1 ft  to  20  ft 

1.56.1"  dia  x 1 ft  to  20  ft 

2.024"  dia  x 1 ft  to  20  ft 


T,ype  of  Core 
i/8'1  dia  s^eel  rod 
1/8 " dia  :n.ool  rod 
1/8"  dia  stool  rod 
1/8"  dia  steel  rod 
1/8"  dia  ste^l  rod 
1/8"  dia  Pteol  red 


(*;)  Hlbbor:  Anodes.  Standard  alloy  magnesium 
ancles  arc  available  for  use  In  protecting  burled  conduit, 
tg  :able  % an x In  ureas  where  more  conventional  rliapcr. 

xould  be  impractical.  These  anodes  are  available  in  colls 
of  200  and  1000  feet.  They  consist  of  a core  of  10  Kauge 
steel  wire  surrounded  by  standard  alloy  magnesium  3/TJ"  x 
3/V. 

5.1.2  Zinc.  Zinc  anodes  arc  commercially  available 
in  weights  fromT  pounds  to  250  pounds  In  plate,  bars, 
ribbons,  and  rods.  For  anoder  installed  In  the  earth,  pre- 
pared backfill  should  be  used. 

a.  Alloying.  There  are  two  basic  alloys  in  comon 
use.  One  is  used  for  protection  In  soli  or  fresh  water; 
the  other,  for  narlne  uses.  Typical  specifications  for 
these  two  typos  are  shown  In  Tables  16  and  17. 

Metals  which  arc  considered  Impurities  in  zinc  anodes  ares 
Iron,  lead,  and  copper.  Iron  is  the  Boat  detrimental. 

Since  Iron  has  a limited  solid  solubility  In  sine  of  approx- 
imately 0.001*5  percent,  any  Iron  in  excess  of  this  percent- 
age precipitates  out  as  discrete  particles.  These  particles 
of  iron  are  cathodic  to  the  surrounding  zinc  and-  serve  as 
centers  of  self-corrosion.  The  corrosion  preduct  of  this 
self-corrosion,  zinc  hydroxide,  deposits  on  the  iron,  Torm- 
ins  a dense  adherent  coating.  This  coating  can  spread  dur- 
ing ancle  operation  from  the  original  iron  particle  center 
until  the  entire  anode  surface  Is  coated  with  adherent  zinc 
hydroxide  coating.  Zinc  hydroxide  Is  not  electrically  con- 
ductive. Therefore,  the  anode  becomes  ineffective  because 
it  is  insulated  from  the  electrolyte  by  built-up  corrosion 
product. 

Addition  of  orher  metals  such  as  aluminum  and  cadmium  in 
slight  percentages  (Tables  16  and  17)  increase  zinc's 
tolerance  for  Iron,  decrease  the  tendency  to  form  insulating 
films,  and  provide  for  easier  production. 

b.  Anode  Efficiency.  Zinc  has  an  electrochemical 
equivalent  of  23.5  pounds  per  ampere-year  or  372  ampere- 
hours  per  pound.  However,  zinc  operates  at  an,  efficiency 
of  90  percent  or  better  or  an  actual  electrochemical  equiv- 
alent of  354  ampere-hours  per  pound.  The  self-corrosion,  of 
zinc  anodes  is  approximately  5 to  10  percent  under  most 
conditions,  regardless  of  current  output. 

c.  Potentials.  Open  circuit  potential  of  zinc  is 
-1*,10  volts  to  a copper-copper  sulfate  halfrcell  In  mois* 
soils  and  waters  and  backfills.  The  driving  potential  of 
zinc  with  reference  to  iron  is  0.25  volt  based  on  a polari- 
zation potential  of  -0.85  volt  for  steel  relative  to  copper- 
copper  sulfate.  Where  zinc  anodes  are  considered  fo>  a 
cathodic  protection  design,  a driving  potential  of  0.25 
volt  should  be  used  to  arrive  at  the  number  of  anodes  .re- 
quired'. If  a higher  driving  potential  is  used,  an 


rf  * . r* 
? $ '*  t 


Table  16 

Chemical  Analysis  of  Zinc  Anodes 
f o r Soil  and  Fresh  Water;  Use  * 

Element  percentage 

XTB aJman  O.cXb  Maximum 

Cadmium  0.003  Maximum 

Iron  0. 0014  Kajclaua 

L&ad  0.003  Maximum 

Zinc  C.0O3  Maximum 

1 Specifications*  AS»  B- 148-67,  Type  II 

Table  17 


Chemical  Analysis  of  Zinc  Abodes 
for  Marine  Use  1 


Element 

JTlurcintm 

Cadmium 

Iron 

Lead 

Copper 

SIM  eon 

7ine 


Percentage 

^71’Fi'  03o 

0.02$  ^ 0.15 

0.005  Maximum 
0.006  Maximum 
0.005  Maximum 
0.125  Maximum 
Remainder 


* Specifications t MIL-A-180O1H  or  ASTM  B418-67,  Type  I 


insufficient  number*  of  anodes  will  be  the  result  and  the  re- 

qulrefl  prbfcen*. Av*-  current  will  not  be  attaint. 


The  relative  potential  of  ateeX  and  zinc  in  water  has  been 
found  to  reverse  at  temperatures  above  i^OcP.  ZIne  anodes 
for  steel  protection  should  be  avoided  in  water  systems 
above  this  temperature,  because  increased  corrosion  of  steel 
may  result, 

d,  Backfill.  Zinc  anodes  are  greatly  affected  by 
nonuniform  environment  because  of  low  driving  potential. 

The  relatively  low  driving  potential  between  zinc  and  steel 
requires  a long  slender  shape  co  obtain  low  anode-to-earth 
resistance.  Length  cl*  zinc  anodes  increases  the  possibil- 
ity of  large  soil  resistivity  variations  along  its  length.' 
Variations  In  soil  resistivity  produce  variations  in  cur- 
rent flow  which  in  turn  cause  uneven  anode  deterioration. 
Zinc  anodes  should  be  installed  In  prepared  backfill  in 
order  to  obtain  more  uniform  current  flow. 

In  addition,  zinc  anodes  installed  bare  are  more  subject  to 
production  of  various  corrosion  products,  Zinc  ions  pro- 
duced during  the  corrosion  of  a zinc  anode  are  deposited  at 
various  distances,  from  the  surface  of  the  anode.  If  oxygon, 
carbonates,  or  phosphate  ions  are  present  in  the  media,  a 
dense  adherent  coating  of  .high  electrical  resistance  forms 
near  the  surface t effectively  insulating  the  anode  from  the 
surrounding  media.  This  stops  corrosion  of  the  anode  and 
resulting  protective  current.  However,  most  zinc  anodes  are 
installed  below  the  water  table  and  in  soils  with  no  free 
carbonates  Or  phosphates,  .so  that  passivity  does  not  usually 
occur.  Sulfate  ions  reduce  the  tendency  for  formation  of 
the  high  resistant  film  of  corrosion  products.. 


Soils  containing  gypsum  generally  produce  most  consistent 
anode  behavior.  Backfills  based  on  this  are  recommended 


Twvo  typical  specifications  are: 
Type  1 Type  2 
Percentage 


for  underground  use. 

Element 

Hydrated  gypsum 
Bentonite 
Sodium  sulfate 

e.  Sizes,  Various  sizes  of  bare  zinc  anodes  are 
available  In  the  two  alloys.  Most  anodes  for  underground 
use  are  available  bare  or  packaged  In  low  resistance  back- 
fill . 


w 

25 

5 


50 


71 


m Und<  *\  round  and  yresh  Water  Alloy  * Anode  sizes 
foe  underfund  on  fresh  water  application?  are  divert  In 
Table  i8. 

Table ^18  ' 

Standard  Sizes  «'f  Zinc  Anodes  „ ' ■ 

for  Use  lit  Fresh  Water  or  Ifoderground 

eight 

SiztJi  Inchest 

ir — i.A  x rjr~i? 

tP  1.4  x 14  x 60 

V-  1.4  x 1.4  x 36 

30  1.4  x 1*4  x 60 

-0  2.2  x 30 

¥',  2 x 2 x 45 

00  | x 2 x 60 

Hole;:  Core*  for  standard  anodes  shown  Is  1/4”  diameter 
E.Q.  Mild,  steel  rod. 

Special  anodes  are'  sellable  In;  ranges  given  In.  Table  19. 

Table  ..  ,19- 


Special  Sizes  of  Zinc  Anodes 
for  ilse  in  Fresh  ¥ater  oV  Underground 


Weigh®., 
Lb*  ,per 

Tn>*h 

Size*  Inches 

Length,  Inches 

h.2 

5.5 

12.8 

21 

26 

3 -x:3  ■'  ~ 
4 x 4 
5x5 
7 x 7 
9x9 
10  x 10 

* 

6 to  66 
6 to  60 
6 to  48 
6 to  36 
12  or  24 
to  24 

Note:  Core  Is'  1/4"  diameter  E.Q.  mild  steel  rod.  Also 

available  in  3/8%  1/2",  or  5/8”  diameter. 

(2;)  Sea  Water  Alloy.  Anode  sizes  for  marine  appli- 
cations are  found  in  Table  20. 


22- 


\ "■ 

r; 

k 


i - 


t o „ 

fc 


Table  20 


fitar/lafvj  rTi8»>n 
*hT 


of  Zinc  Anedds  %if  .Jlbo  In  Res  Water 


Lb. 

T 


Size,. 

TTS^l 


12 

24 

59 

150 

250 

250 


1.25  x 3 


Inches 

"m 


1. 


or 


X;  12 

X 12 


Note: 


2 x 2 x 48 
4 x 4 x 36 
9 x 9 x 12 
4 x 4 x 60 

24-ponnd  and  smalier  anodes  have  galvanized  steel 
mounting  Straps,.  50-pound  size  contains  3/8"  dia- 
meter galvanized  steel  rod  for  core.  Larger  sizes 
contain  3/4"  or  1"  diameter  galvanized  steel  pipe 
cores. 


Special  anodes  are  available  In  ranges  given  In  Table  21. 

Table  21 


Special  Sizes  of  Zinc.  Anodes:  for  Use  in  Sea  Water 


m 


Weight' 

8“  er  Inch 

75 


Inches 

TX ' 


1 

2.3 

4.2 

6.5. 

12.8 

21 

23.4 

26 

Note : 


Size, 

TTTx 
2x2 
" x 3 
x 4 
x 5 
x 7 
x 9 
x 10 
10  x 10 
A variety  of 
ent  sizes. 


4 

5 
7 
9 
9 


Inches 

6 to  60 
6 to  60 

6 to  60 
6 to  48 
6 to  36' 

9 .to  24 
• 9 to  24 
9 to  24 

cores  are  available  With  the  dlff.er- 


"V, 


, . / 


•r 

t/ 


(?)  Ribbon  Anodes.  Ribbon  anodes  are  available  in 
both  alloys.  These  are  useful  for  protecting  pipeline  in- 
teriors.,. for  carrier  pipe  exteriors  Inside  casings,  '(Figure 
31),  for  tank  and  duct  interiors,. 


The  seawater  alloy  is  available  in  200-foot  colls#  the  anode 
size  is  5/8”  x 7/8”  weighing  1.2  pounds  per  foot.  Core  is 
l/lO”  diameter  galvanized  wire. 


Two  sizes  are  available  for1  fresh  water  or  underground  use. 
The  larger  is  available  in.  500-f.oot.  coils;  anode  size  is 
1/2”  x 9/16"  weighing  0.6  lb.  per  fobt.  The  smaller  comes 
in  1000  ft.  colls-}  anode  size  is  11/32”  x 15/32”  Weighing 
0.25  lb.  per  foot.  Core  for  oath  sizes  is  1/10”  diameter 
galvanized  wire.. 
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5.1.3  Aluminum  Anodes.  Aluminum  galvanic  anodes  have 
found  some  application  m seawater.  They  are  used  to  pro- 
tect such  structures  as  offshore  drilling  platforms  and  ex- 
ternal ship  hull  surfaces. 

The  efficiency  of  aluminum  anodes  varies  depending  on  oper- 
ational. conditions  and  alloys  used.  A value  of  810  ampere- 
hours  per  pound  based  on  6oj*  efficiency  Is  typical. 

Open  circuit  potential  for  aluminum  Is  about  -1*05  volts 
relative  to  copper-copper  sulfate.  The  driving  potential 
for  an  aluminum  anode  connected  to  a steel  structure  is 
therefore  about  0.20  volt.  Aluminum  anode  performance  may 
be  disappointing  if  alloys  vary  even  slightly  from  specifi- 
cation, and  manufacturers  seem  to  have  difficulties  holding 
constant  material  content. 

5.2  Other  System  Components.  System  components  for 
galvanic  anode  systems  are  similar  to  those  used  for  impres- 
sed current  (paragraph  4.3)  or  as  already  discussed.  Con- 
necting cables  are  smaller  than  those  used  for  impressed 
current,  because  of  smaller  current  flow  and  less -need  for 
physical  strength.  Number  12  solid  copper  wire  with  Type  TW, 
RHW-USE , or  polyethylene  insulation  is  used  for  connecting 
cables.  Anode  lead  wires  are  normally  10  feet  long,  number 
12  solid  copper  wire  with  TW  insulation. 

5.3  Advantages  of  Galvanic  Anode  Systems.  Galvanic' 
anodes  have  several  advantages  over  impressed  current  sys- 
tems. (Ad vantages1' of  impressed  current  are  discussed  in 
paragraph  4.4). 


Because  galvanic  anodes  generate  their  otm  power,  they  re- 
quls***  no  external:  power  source.  Thin  weans  they  can  often 
oe  used  wiiere  rectifiers  are  difficult  or  impossible  to 
power,  such  as  in  remote  regions. 

There  are  soomtlmen  cost  advantages  to  galvanic  anodes.  The 
systems  are  simpler  than  impressed  current,  and  galvanic 
anodes  can  sometimes  be  "expensed",  while  impressed  current 
cathodic  protection  is  usually  capitalized.  Both  installa- 
tion and  maintenance  costs  are  low.  There  are  no  monthly 
power  costs.  In  addition,  rights-of-way  or  easement  costs 
are  minimal  with  this  type  installation; 

Because  of  the  low  current  outputs,  galvanic  anodes  rarely 
produce  interference  to  foreign  structures.  When  interfer- 
ence is  encountered,  stray  currents  are  small. 

6 EXAMPUES  OF  CATHODIC  PROTECTION  SYSTEMS.  Figures 

32  through  52  illustrate  various  anode  configurations 
and  a suggested  approach  to  the  cathodic  protection  01*  many 
different  structures  in  a variety  of  applications..  These 
are  not  intended  to  represent  firm  designs  for  structures 
without  a systematic  evaluation  of  local  conditions. 

Paragraph  7 of  this  manual  presents  specific  basic  design 
information,  and  paragraph  o gives  specific  examples  of 
designing  systems. 

7 CATHODIC  PROTECTION  DESIGN.  Cathodic  protection  is 
applied  to  many  different  types  of  structures . Each  situa- 
tion requires  special  conslderatiqn,  There  are,  however, 
fundamental  general  procedures  which  must  be  applied  to  de- 
sign of  all  cathodic  protection  systems.  The  detailed  anal- 
ysis of  these  procedures  is  different  for  an  elevated  water 
storage  tank  than  for-  ship  hulls  or  burled  pipelines.  How- 
ever, the  same  steps  should  be  followed  in  all  cases, 

7.1  General  Procedure..  A general  summary  of  stops  in- 
volved is  given  here.  Ih^the  remainder  of  paragraph  7, 
design  considerations  -are  discussed  in  more  detail.  Useful 
data  in  the  form  of  tables  and  graphs  are  included. 

General  design  criteria  are  similar  for  galvanic-  and  impres- 
sed current  systems.  One  basic  difference  between  fcbo  two 
is  the  usual  method  of  anode  layout.  Galvanic  anodes  are 
usually  designed  and  installed  as  individual  anodes,  distri- 
buted at  a given  separation  along  the  structures  (30  feet, 
for  example).  Impressed  current  systems  more  frequently  em- 
ploy banks  of  anodes  (beds).  Of  course.,  either  typo  anode 
may  be  installed  in  either  way,  but  the  distinction  is  most 
frequently  as  given  above. 
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IMPRESSED  CURRENT  POINT  TYPE  CATHODIC  PROTECTION 
FOR  AIRCRAFT  HYDRANT  REFUELING  SYSTEM 
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17*  Pockaged 
Magnesium  Anode 
5 Req'd 


FOR  COATED  UNDERGROUND  SEWAGE  LIFT  STATION 
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Reinforced  Concrete 
Deck  , 


; * - 6.  •* „ • 

• ^ ' - |4  4 

« ".  \ 


Flexible  Stranded  Copper  Wire, 
Thermit  Welded  to  Both 
Support  Eye  and 

Steel  Rod 


3/4"  Dio.  Round 
Black  Steel  Rod 


Steel  Reinforcement  Welded  to  Support 
Eye  and  Structural  Steel 


Anode  Supporting  Eye 


IT 


2"  to  3"  Opening 

1"  (Inside  Diameter)  Neoprene,  or 
equal.  Hose  Taped  to  Steel  Rod  at 

hboth  Upper  and  Lower  Ends,  Using 
Plastic  Tape 


Ji 

2"  Min^__  L‘ 


Fillet  Weld 


Zinc  Anode 


^ ■”  ■3/4"  Galv.  Steel  Pipe  Anode  Core 

Rubber  Stopper  - 

Figure  35 

ZINC  ANODE  ON  REINFORCED  CONCRETE  BLOCK 
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Plan  View  Building 


AC  Input 


Positive 

Collector  Cables 
Supplying  D.C. 
to  Anodes 

Typical  Massive 
Reinforced  Concrete 
Foundation 


Rectifier 

Negative  Return  Cable  from 
Steel  Pile  Network 


Hollow  Steel  Piles,  16"  iDiameter, 
Supporting  Foundations 


HSCBCI  Anodes  Placed 
Between  Piles  and  2' 
Below  Bottom  of 
Foundation,  Each  Anode 
Protecting  Two  Piles 


Figure  37 

CATHODIC  PROTECTION  OF  FOUNDATION  PILES 
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Fifct.ro  38 

IMPRESSED  CURRENT  CATHODIC  PROTECTION 
FOR  EXISTING  ON-GRADE  STORAGE  TANK 
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Rectifier 


Tnermit  Wei 
Negative  Cable 
To  Tank 


Anode  - Installed 
Horizontally 


Anode  Header 
Cable 


- Anode  Lead  Cable 


Figure  39 

IMPRESSED  CURRENT  CATHODIC  PROTECTION  WIT  *1  HORIZONTAL 
ANODES  FOR  ON-GRADE  STORAGE  TANK  - NEW  INSTALLATION 
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04 


ON-GRADE  FRESH  WATER  TANK 


I 


These  units  are  widely  used  for  cooling  purposes,  often  in  refineries. 
Corrosion  conditions  are  very  aggressive.  Spoce  is  limited  between  coils, 
and  anodes  1-1/2"  dia.x60"  long  have  been  successfully  used.  Tney 
can  be  joined  together  to  produce  lengths  7-1/2  feet  loot;. 

Figure  41 

OPEN  WATER  BOX  COOLER 


05 


Rectifier 


Negative  Lead 
Welded  to  Tank 


Watertight 
Cord  Connector 


Positive  Anode 
Header  Cable 

i 


Tank 


Anodes  Mounted 

On  Tank  Floor 
Storage  Tunk 


igid  Galvanized 
Conduit  to 
Rectifier 

♦Tank 

Outside  Wall 


Impressed 

Current 

Anode 


Anode  Lead  Wire 

3"  Dia.  Plastic  Tee 

3"Dia.  Threaded  Adapter 

3"  Steel  Flange  Welded  to  Tank  Floor 


3' -6"- 
Anode  Support  Detail 


Figure  48 

CATHODIC  PROTECTION  OF  TANKS  USING  RIGID  FLOOR  MOUNTED  ANODES 


Concrete  Mug  (Optional) 


a)  CASING  AS  ANODE.  (TYPICAL)  (CYLIN DER  NOT  "SHORTED"  TO  CASING) 


Pit  Floor 


b)  CYLINDERS  WITHOUT  CASINGS  OR  WITH  "SHORTED"  CASINGS  (TYPICAL) 

Figure  49 

cathodic  protection  of  hydraulic  elevator  cylinders 
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a)  IMPRESSED  CURRENT  CATHODIC  PROTECTION  (TYPICAL) 


b)  GALVANIC  ANODE  CATHODIC  PROTECTION  (TYPICAL)FOR  ONE  IHOIST 

Figure  50 

HYDRAULIC  HOIST  CYLINDER 


An  important  aspect  of  design  for  either  galvanic  or  impres-  I 

sed  current  cathodic  protection  is  the  current  required  to  | 

protect  the  structure.  It  Is  Important  to  realize  that  otruc-  | 

ture  current  requirements  are  best  determined  by  actual  field 
tests  whenever  possible.  Calculations  based  on  estimated  cur-  ! 
rent  densities  (so  many  milliamperes/ft2)  and  surface  areas  1 

are  at  best  approximate.  (Table  22  gives  surface  area  per 
length  of  some  standard  size  pipes  and  estimated  current  den- 
sities for  various  environments.)  * 

Actual  current  requirements  depend  on  many  factors  Including 
number  of  points  of  current  impression  (attentuation ),  distri- 
bution of  coating  holidays,  arid  homogeneity  of  electrolyte. 

These  factors  vary  greatly  from  structure  to  structure  and 
are  difficult  or  impossible  to  predict.  Only  where  current 
requirements  cannot  be  determined  in  the  field  should  calcula- 
tions be  used,  and  then  it  must  be  remembered  that  the  results 
are  only  a rough  estimate. 

Table  22b  may  be  used  as  a rough  guide  for  expected  current 
densities  required  for  cathodic  protection.  This  list  is  for 
bare  steel.  To  arrive  at  a current  density  for  coated  steel, 
the  percentage  of  uncoated  metal  should  be  determined  or  esti- 
mated and  the  proper  factor  applied  to  the  tabulated  current 
densities.  Numerous  exceptions  to  the  table  will  be  found 
to  exist  in  practice,  and  it  is  emphasized  that  these  figures 
should  not  be  used  in  th<»  design  of  a cathodic  protection 
system  without  field  test  confirmation. 

It  should  be  noted  that  current  requirements  for  the  protec- 
tion of  galvanic  couples  far  exceed  the  tabulated  values 
given  herein.  In  order  to  protect  steel  which  is  coupled  to 
copper,  with  approximately  equal  areas  of  steel  and  copper, 

10  to  30  times  more  current  is  required  than  is  required  to 
protect  the  steel  only. 

7.1.1  Examine  Drawings  and  Specifications  of  the 
Structure  , to  be  Protected.  Some  approximation  of  metal  sur- 
face conditions  should  be  known.  This  may  be  limited  to  an 
investigation  of  whether  the  structure  is  coated  or  bare,  the 
type  coat-'ng  used,  years  in  service,  etc. 

Other  structures  (those  not  being  cathodically  protected) 
should  be  located,  as  should  any  electrically  insulated  parts 
of  the  structure  being  placed  under  protection.  An  abandoned 
metal  pipe  could  possibly  be  used  as  an  anode. 
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Table  22 

a.)  Pipe  Surface  Area 


Pipe  Size 
Inches 
2 

3 

4 

V 

8 

10 

12 

14 

16 

ift 

<ii — 

20 

24 

30 


Outside  Area, 
sq.  ft.  per 
lln.  ft.  of 


Ploe 

TTS22" 

0.916 

1.17*3 

I.734 

2.258 

2.82 

3.34 

3.67 

4.19 

4.71 

5.24 

6.28 

7.85 


b.)  Estimated  Current  Densities  for  Bare  Steel  Structures* 

Ma. 


Environment 

Neutral  soli  or  water  (pH  7)  ~ 

Well-aerated,  neutral  soil  or 
water  (pH  7) 

-jater 

Moving  fresh  water  (velocity  above 
5 ft.  per  sec.) 

Wet  soils 

Heated,  In  soil  or  moist  concrete 

Highly-acld  soil 

Anaerobic  soil  with  active  sulfate- 
reducing  bacteria,  initial 
requirement 

Fresh  water  that  is  relatively 
still 

Fresh  water  that  is  highly 
turbulent  and  contains  much 
dissolved  oxygen 

Hot  water 

Mildly  acid  or  alkaline  solution  in 
process  tanks,  depending  on 
turbulence  and  temperature 

Brine  tanks 


2.0  to  3.0 

3.0  to  10.0 


9.0  to  25.0 

1.0  to  6.0 

3.0  to  25.O 
3.0  to  15.0 


6.0  to  42.0 

1.0  to  6.0 


5.0  to  15.0 
5.0  to  15.0 


1.0  to  25.0 

8.0  to  10.0 


Taken  from  AFM  88-9  Chapter  4 
original  source  unknown. 


"Corrosion  Control" 
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Fixtures,  brackets,  and  available  mountings  which  could  be 
used  for  mounting  cathodic  protection  appurtenances  should 
be  noted.  If  the  Installation  is  to  be  connected  to  a 
buried  pipeline,  simplest  location  from  the  construction 
viewpoint  should  be  noted  and  property  owner's  name  and  ad- 
dress determined. 

Location  and  type  (phase,  voltage,  capacity)  of  A.C.  power 
supplies  should  be  determined. 


A cursory  analysis  of  the  above  gives  the  engineer  basis  for 
I selection  and/or  revision  of  a tentative  location  and  gerer- 

v * si  positioning  of  anodes. 

\ 7.1.2  Obtain  "Field”,  or  At-The-Slte  Data.  Resistiv- 

[ * Ity  of  the  electrolyte  should  be  measured.  Field  measure- 

; ments  are  sometimes  supplemented  or  replaced  by  laboratory 

[ tests  on  samples;  pH  and  sulfide  content  of  electrolyte  are 

[ often  included. 


If  practical,  current  requirement  tests  should  be  conducted. 
Temporary  anodes  can  be  placed  In  the  electrolyte  and  cur- 
rent can  be  forced  out  of  them  with  a generator,  batteries, 
or  other  D.C.  power  source.  Effects  on  both  the  structure 
to  be  protected  and  others  in  the  area  (including  electric- 
ally insulated  portions  of  the  protected  structure)  should 
be  carefully  noted. 


Physical  measurements  should  be  taken  to  verify  location  and 
dimensions  of  the  structure  to  be  protected  and,  at  the  sane 
time,  position  of  other  structures.  Existence  and  avail- 
ability of  power  should  be  verified. 

Base  operating  and/or  maintenance  personnel  should  be  con- 
sulted, to  determine  their  feelings  as  to  the  practicality 
of  the  proposed  Installation.  Their  cooperation  is  Important. 


f 

i 
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7.1.3  Choice  of  Galvanic  or  Impressed  Current.  The 
type  cathodic  protection  best  to  use  Is  decided  mainly  from 
two  factors:  feasibility  and  relative  costs.  Feasibility 

Includes  analysis  of  physical  and  electrical  conditions  at 
the  structure  location.  Superficial  economic  analysis  deter- 
mines approximate  costs. 


Factors  to  consider  include  desired  structure  life,  power 
availability,  location  of  other  structures,  environmental 
conditions,  possible  changes  In  environment  or  structure, 
accessibility,  and  possible  damage  from  vandalism  or  natural 
conditions.  It  is  usually  feasible  to  use  either  impressed 
current  or  galvanic  anodes,  and  an  economic  analysis  tempered 
by  the  above  considerations  determines  the  choice. 


\ 
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Economics  Include  Initial  operating,  maintenance,  and  re- 
placement costs.  Based  on  current  requirements,  the  post 
per  ampere-year  is  estimated.  This  figure,  combined  with 
the  analysis  of  system  feasibility,  determines  whether  gal- 
vanic or  impressed  current  cathodic  protection  should  be 
used. 

7.1.4  Notify  Operators  of  Other  Structures  in,  the 
Area.  The  operators  of  any  other  structures  in  the  area 
should  be  notified  of  tentative  plans  for  impressed  current 
cathodic  protection.  This  notification  should  also  include 
the  local  corrosion  coordinating  committee,  if  there  is  one 
in  the  area.  The  notification  procedure  is  primarily  of  im- 
portance in  underground  and  submerged  installations.  How- 
ever, process  equipment,  tanks,  etc.,  may  also  become 
involved. 

7.1.5  Design  Cathodic  Protection  System.  All  data 
and  information  gathered  in  the  preceding  steps  must  be 
assembled,  analyzed  and  developed  into  a cathodic  protection 
system  design.  During  this  design  phase,  coordination  with 
base  operating  and  maintenance  personnel  is  necessary  to  in- 
sure that  the  completed  system  does  not  interfere  with  other 
equipment  and/or  normal  operations.  It  is  also  advantageous 
to  have  the  interest  of  all  personnel  behind  the  project  to 
insure  proper  operation  and  maintenance. 

7.2  Fundamentals  of  Design.  A cathodic  protection  sys- 
tem is  an  electrical  circuit.  To  design  cathodic  protec- 
tion, the  various  parts  of  this  circuit  must  be  related  and 
analysed.  In  this  section,  a basic  cathodic  protection  cir- 
cuit is  examined,  factors  to  consider  in  actual  design  are 
discussed,  and  information  required  prior  to  design  is  con- 
sidered. This  information,  is  general,  applying  to  both  gal- 
vanic and  impressed  current  unless  otherwise  noted. 

7.2.1  Total  Circuit  Resistance.  The  total  circuit 
resistance  (external  to  the  power  source  in  Impressed  cur- 
rent systems)  must  be  considered  and  kept  in  mind  at  all 
times.  - Critical  components  which  control  this  are: 

a.  Anode  to  electrolyte  interface 

* b.  Structure  to  electrolyte  interface 

c.  Connecting  cables 

d.  All  connections  and  splices 

* Note:  Structure-to-electrolyte  Interface  resistance 

is  usually  a minor  portion  of  the  total  circuit  resistance 
and  cannot  be  controlled  by  the  engineer.  This  usually  in- 
creases with  the  passage  of  time  and  Increased  current- 
density. 

Anode-to-electrolyte  resistance  is  usually  the  cent. ’oiling 
factor  (greatest  single  influence)  which  must  be  given  more 
consideration  than  any  other  item  in  cathodic  protection 
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design.  This  quantity  Is  made  up  of  the  total  resistances 
of  all  anodes  used.  Since  each  anode-to-electrolyte  resis- 
tance Is  parallel  to  the  others,  the  more  anodes  used  the 
lower  the  "effective”  anode-to-electrolyte  resistance,  and 
the  lower  the  total  circuit  resistance  becomes. 

Anode-to-electrolyte  resistance  can  be  computed  from  data  on 
anode  size,  shape,  and  configuration  plus  soli  resistivity. 
This  method  is  sometimes  in  error  because  of  the  infinite 
number  of  anode  configurations  possible  which  require  extra- 
polation from  limited  empirical  data,  and  also  because  of 
its  dependence  on  reliable  electrolyte  resistivity  measure- 
ments. (Resistivity  - especially  in  soil  - varies  with 
moisture , temperature  and  location  of  test , ) 

Errors  in  anode  to  electrolyte  resistance  calculated  from 
empirical  data  will  result  in  errors  in  anode  current  output. 
This  can  be  very  serious  with  a galvanic  anode  system,  be- 
cause additional  current  can  be  supplied  only  by  adding  more 
galvanic  anodes.  This  is  costly  and  time-consuming.  For 
impressed  current  cathodic  protection,  the  error  usually  re- 
quires a change  in  rectifier  output;  if  the  installed  recti- 
fier is  not  of  sufficient  capacity,  replacement  may  be  re- 
quired. Efficiency  may  be  decreased.  For  these  reasons, 
many  engineers  first  measure  structure  to  anode  resistance 
by  actually  impressing  current  into  installed  impressed  cur- 
rent anodes  or  using  a test  anode  installation  for  galvanic 
systems.  In  this  way,  a rectifier  can  be  sized  to  actually 
"fit”  the  circuit  resistance  or  a reasonable  number  of  gal- 
vanic anodes  selected  without  reliance  upon  questionable 
test  and  empirical  data.  This  has  the  disadvantage  of  delay- 
ing completion  of  an  installation.  However,  it  means  that 
sufficient  cathodic  protection  current  will  be  supplied  in 
an  efficient  manner. 

7.2.2  Design  Factors  Requiring  Analysis.  The  follow- 
ing items  should  always  be  analyzed  when  cathodic  protection 
is  being  designed,. 

a.  Anode-to-electrolyte  resistance,  as  previously 
mentioned,  often  controls  the  entire  circuit  resistance  and 
therefore  must  be  analyzed  In  detail.  The  following  factors 
must  be  studied: 

(1)  Electrolyte  resistivity  (soil,  water,  or  chemi- 

cal) 

(2)  Resistance  between  a single  anode  and  surround- 
ing electrolyte  (anode-to-electrolyte  interface  resistance) 

(3)  Effects  of  anode  configuration  and  spacing  be- 
tween them 

(*)  Anode (s)  location,  with  respect  to  structure 
being  cathodically  protected  as  well  as  other  structures 

(5)  Anode  position  (vertical  or  horizontal).  If 
either  position  is  practical,  both  should  be  explored. 
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b.  Weight  or  anode  required  to  give  the  desired  life. 
This  can  be  estimated  from  approximate  anode  deterioration 
rates  and  efficiencies  (Table  23).  These  values  vary  de- 
pending on  electrolyte  and  other  conditions. 


Table  23 


Approximate  Anode  Deterioration  Rates 


Anode  Material 
Steel 


Deterioration  kate" 
( lbs ./amp . -year ) 


Efficiency 

(percent) 

50 


HSCBCI  1 

Graphite  2 

Magnesium  8.8 

Zinc  23.5 


50 

50 

50 

90 


c.  Special  backfill  around  anodes  (other  than  soil) 
i3  often  advantageous.  This  should  be  carefully  considered 
because  it  does  add  extra  cost  to  an  installation  which  may 
or  may  not  be  justified, 

d.  Resistance  of  positive  and  negative  cables  is  a 
portion  of  total  circuit  resistance  which  adds  to  power 
costs.  On  the  other  hand,  money  spent  on  cable  which  is 
larger  than  necessary  is  not  wisely  used. 

e.  Vulnerability  to  physical  damage  must  always  be 
considered.  Anodes,  cables,  connections,  etc.  must  all  be 
carefully  placed  to  minimize  this  possibility.  Cathodic 

' otion  must  operate  continuously  to  be  effective.  Dam- 
ige  *o  components  not  only  Interrupts  protection,  but  also 
means  costly  repairs < 


7.2.3  Measurements  and  Other  '* Job-Site”  Data. 

a.  Electrolyte  resistivity  should  be  measured. 

This  is  usually  done  by  use  of  field  instruments  or  soil 
box.  It  is  an  important  item  in  the  computation  of 
anode-to-*electrolyte  resistance,  and  may  affect  anode 
life. 

b.  Chemical  analysis  and/or  other  information  on  the 
electrolyte  into  which  anodes  are  to  be  placed  should  be  ob- 
tained. This  information  is  used  as  a guide  in  the  selec- 
tion of  the  proper  alloy  anode,  and  special  precautions  to 
be  taken  with  the  installation.  Anode  life  can  be  extended 
by  using  the  anode  suited  for  its  environment. 

c.  Physical  characteristics  of  the  site  where  the 
system  is  to  be  installed  must  be  studied  and  understood. 
This  will  insure  a long  life  with  trouble-free  operation 
because  with  this  information  the  design  can  be  tailored  to 
the  specific  situation. 


7.3  Preliminary  Field  Data.  As  mentioned  previously, 
the  cathodic  protection  system  designer  must  first  obtain 
information  from  the  actual  .job  site.  This  information  con- 
sists of  electrolyte  resistivity,  chemical  content. 
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measurement,  location  of  the  other  structures,  verification 
of  dimensions,  operational  .data  on  existing  anodes,  general 
data  relating,  to  coatings,  unusual  features,  etc. 

7.3.1  Electrolyte  Resistivity.  Electrolyte  resistiv- 
ity may  be  measured  In  the  field  or  by  laboratory  analysis 
of  a sample.  The  data  are  used  to  compute  anode-to-electro- 
lyte  resistance,  number  of:  anodes  required,  and  estimated 
anode  life.  If  the  electrolyte  is  soil,  electrolyte  resis- 
tivity measurement  mill  also  help  establish  the  most  favor- 
able location  to  install  anodes.  In  the  field,  electrolyte 
resistivity  can  be  measured  by  the  4 Pin  vibroground  method. 

Sample  of  water,  chemicals,  or  soil  can  be  tested  in  a 
"soil  box.” 

7.3.2  Chemical  Analysis.  A partial  chemical  analysis 
of  the  electrolyte  is  often  helpful  to  indicate  corrosivity. 
pH,  presence  of  sulfates,  and  any  other  applicable  factors 
may  be  determined  by  field  or  laboratory  methods. 


•7.3.3  General  Information  on  Structure  to  be 
Protected.  General  information  on  the  structure  must  be  ob- 
tained before  beginning  design  of  the  cathodic  protection. 
This  can  be  gathered  by  visiting  the  site,  examining  the 
structure  Itself  plus  available  plans  and  specifications, 
and  measuring  key  dimensions  so  that  actual  "as-built”  data 
are  available.  Base  personnel  and/or  others  should  be  con- 
sulted. Data  on  the  following  is  the  minimum  requirement: 

a.  Material  and  type  of  construction  (metal  alloy, 
type  pipe  joints,  etc.) 

b.  Coatings  used.  (Type,  method  of  application.  In- 
spection procedure,  etc.) 

c.  Density  of  soil  and/or  other  characteristics  of 
electrolyte.  (Moisture  content,  seasonal  variations,  tidal 
conditions,  current  or  turbulence,  etc.) 

d.  Any  unusual  characteristics  and  miscellaneous. 
(Areas  of  concentrated  corrosion  attack,  configuration  of 
structure,  tentative  anode  configuration,  location  of  A.C. 
power  lines,  abandoned  structures  which  might  serve  as 
anodes,  etc.) 


7.3.^  Foreign  Structures.  The  location,  of  any  other 
structures  in  the  vicinity  of  the  protected  structure  should 
be  determined.  All  available  drawings  must  be  carefully 
examined.  Discussions  with  base  personnel  and  also  person- 
nel known  to  be  operating  plants  in  the  area  often  reveal 
the  presence  of  burled  structures  not  otherwise  noticed. 

This  step  is  especially  important  when  cathodic  protection 
current  is  being  impressed  into  the  soil  to  protect  buried 
pipelines,  cables,  or  tanks. 

If  other  such  structures  are  discovered  in  the  area,  the 
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engineer  should  first  find  out,  by  consultation  with  the 
owner’s  representative,  whether  or  not  cathodic  protection 
is  being  used.  If  It  is,  he  should  then  conduct  tests  with 
the  other  parties  in  order  to  determine  any  effect  to  his 
own  structure.  If  cathodic  protection  is  not  now  being 
used  in  the  area  by  other  organizations,  consultation  with 
representatives  of  these  groups  will  determine  their  inter- 
est and  willingness  to  cooperate.  Occasionally,  it  is  pos- 
sible to  design  "cooperative"  or  “Jointly-owned”  cathodic 
protection  systems.  This  possibility  should  be  investigated 
and  may  become  practical  if  other  companies  are  interested 
in  cathodic  protection.  Considerable  savings  may  result  by 
sharing  installation  and  operating  costs. 

7.4  Anode- to-Electrolyte  Resistance.  As  mentioned 
earlier,  anode-to-electrolyte  resistance  is  an  important 
part  of  total  cathodic  protection  system  circuit  resistance. 
In  general,  the  more  anodes  used,  the  lower  this  resistance. 
Also,  with  a fixed  number  of  anodes,  lower  electrolyte  resis 
tance  will  mean  lower  anode-to-electrolyte  resistance.  The 
anode-to-electrolyte  resistance  of  a vertical  cylindrical 
anode  is  somewhat  lower  than  that  of  a horizontal  cylindri- 
cal anode  suspended  in  the  same  electrolyte. 

High  anode-tc-electrolyte  resistance  means  high  power  costs 
for  the  impressed  current  cathodic  protection  system.  By 
adding  anodes,  anode-to-electrolyte  resistance  is  reduced 
out  initial  investment  in  material  and  labor  is  Increased. 
The  designer  must  balance  the  economics  of  operating  ex- 
pense vs.  initial  capital  investment  to  the  advantage  of 
his  accounting  system. 

High  anode-to-electrolyte  resistance  means  low  current  out- 
put for  -galvanic  anodes,  because  voltage  is  constant  - a 
function  of  anode,  structure,  and  electrolyte  composition * 
Additional  anodes  are  required  to  obtain  greater  galvanic 
current  output;  this  also  increases  initial  investment. 

If  tile  anode  size,  anode  position  (vertical  or  horizontal), 
and  electrolyte  resistivity  are  known,  anode-to-electrolyte 
resistance  of  a single  Impressed  current  or  galvanic  anode 
can  be  computed  by  application  of  various  empirical  formu- 
lae. Total  anode-to-electrolyte  resistance  of  an  anode 
group  can  be  computed  by  considering  all  in  parallel  and 
then  applying  the  applicable  "spacing  factor".  (Parallel 
anodes  influence  each  other  to  increase  their  effective 
resistance.  This  influence  is  greater  with  closely-spaced 
anodes  and  decreases  as  distance  between  anodes  increases.) 

The  resistance  of  anodes  buried  in  soil  can  be  lowered  by 
surrounding  them  with  carbonaceous  backfill.  This  is  bene- 
ficial in  high-resistance  soils.  If  soil  resistivity  is 
ten  or  more  times  backfill  resistivity,  the  voltage  drop  of 
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anode  current  passing  through  backfill  may  become  negligible 
with  respvct  to  voltage  drop  through  soil.  Thus,  a back- 
filled anode's  resistance  may  be  considered  loner  than  that 
of  a bare  anode  because  it  Is  effectively  longer  and  of 
greater  diameter. 

Increasing  diameter  and/or  length  of  a cylindrical  anode 
decreases  anode- to-electrolyte  resistance.  However,  changes 
in  length  have  a greater  effect  than  changes  in  diameter. 

7.4.1  Basic  Equations  for  Resistance  Calculations. 

The  following  expressions  can  be  used  to  estimate  anode-to- 
eiectrolyte  resistance  for  horizontal  and  vertical  anodes. 
These  equations  apply  to  both  galvanic  and  Impressed  current 
anodes,  and  can  be  used  for  either  standard  or  other  cylin- 
drical anodes.  Simplified  expressions  for  resistance  of 
standard  size  impressed  current  anodes  and  current  output  of 
standard  size  galvanic  anodes  are  given  in  paragraph  JA.2. 

a.  Resistance  of  Single  Vertical  or  Horizontal  Anode. 
The  following  formulae  are  relations  developed  by  rf.lB.Utoight 
for  a single  cylindrical  anode: 

Rv  - (2,3  Log  „ i) 

Rh  58  •°-(^2— - (5.3  Log  Lt  -k^2-  J?  + 3 - - l) 

33  z l 

where 

Rv  = Electrolyte  to  anode  resistance,  single  vertical 
anode-  to  remote  reference  (ohms). 

Rh  = Electrolyte  to  anode  resistance,  single  horizontal 
anode  to  remote  reference  (ohms). 
f * Electrolyte  resistivity  (ohm-centimeters) 

L = Anode  length,  (feet) 
d = Diameter  of  anode  (feet) 
s a Twice  anode  depth  (feet) 

For  a single  vertical  anode,  the  following  simplified  ex- 
pression can  be  used: 

Rv  « ? K 


where 

Rv  a Electrolyte  to  anode  resistance,  single  vertical 
anode  to  remote  reference  (ohms). 
f a Electrolyte  resistivity  (ohm-centimeters) 

L a Anode  length  (feet) 

K * "Shape  Function",  a function  of  anode  length/anode 
radius  which  can  be  obtained  from  Table  24 
L/d  a Ratio  of  length  to  diameter  of  anode  (any  units) 
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Table  24 

The  Shape  Function  (K) 
(HSGBCI  or  Graphite  Anodes) 


K 

.STTO 

& 

K 

7752T3 

6 

.0150 

25 

.0224 

7 

.0158 

30 

.0234 

8 

.0165 

35 

.0242 

9 

.0171 

40 

.0249 

10 

.0177 

45 

.0255 

12 

.0186 

50 

.0261 

14 

.0194 

55 

.0266 

16 

.0201 

60 

.0270 

18 

.0207 

b.  Resistance  of  Vertical  Anode  Group  (One  Row). 

The  total  anode-to-electrolyte  resistance-  for  a group  of 
vertical  anodes,  connected  in  parallel  and  equally  spaced 
in  one  row  is  expressed  as  follows: 

Rn  « I Rv  + 

n v • s 

Rn  = Total  anode  to  electrolyte  resistance  for  a group  of 
vertical  anodes  equally  spaced  and  in  one  row  (ohms). 
(A  remote  cathode  is  assumed.) 
n = Number  of  anodes 

Rv  = Anode-to-electrolyte  resistance  of  single  vertical 
anode  to  remote  reference,  (ohms). 

= Electrolyte  resistivity,  measured  with  pin  spacing 
equal  to  S.,  (ohm-centimeters). 

P = "Paralleling  Factor"  can  be  obtained  from  Table  25. 
S = Spacing  between  adjacent  anodes  (feet). 
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Table  25 


n 

P 

n 

““  P 

“2~ 

700261 

TT 

700X82 

3 

.00289 

14 

.00168 

4 

.00283 

16 

.00155 

5 

.00268 

18 

.00145 

6 

.00252 

20 

.00135 

7 

.00237 

22 

.00128 

8 

.00224 

24 

.00121 

9 

.00212 

26 

.00114 

10 

.00201 

28 

.00109 

30 

.00104 

c.  Resistance  of  Vertical  Anode  Group  (Two  or  More 
Rows).  An  anode  group  composed  of  two  or  more  rows  of 
vertical  anodes,  separated  by  a distance  substantially 
larger  than  that  between  the  anodes  within  a single  row,  has 
a total  resistance  approximately  equal  to  the  total  parallel 
resistance  of  all  the  rows.  The  usual  formula  for  parallel- 
ing resistances  = ^ + •••)  is  used. 


7.4.2  Simplified  Expressions  for  Resistance  of 
Impressed  Current  Anodes,. 

57  Anodes  in  Soils.  If  vertical  anode  dimensions  are 
assumed  to  be  8 to  12  Inches  in  diameter  and  10  feet  in 
length,  while  horizontal  anode  dimensions  are  assumed  to  be 
one  foot  square  in  cross-section,  10  feet  in  length  and  6 
feet  below  the  surface  of  the  electrolyte;  the  following 
empirical  formulae  may  be  used.  (These  assumptions  are  use- 
ful when  designing  anode  systems  with  60-lnch  cylindrical 
impressed  current  anodes  in  soils  where  effective  backfill 
has  been  installed  around  the  anodes.) 


Rv 


_ fv 
' 537 


Rh 


Rv  = Electrolyte  to  anode  resistance,  any  number  of 
vertical  anodes  to  remote  reference,  (ohms). 
Rh  = Electrolyte  to  anode  resistance,  any  number  of 
horizontal  anodes  to  remote  reference,  (ohms). 
f = Electrolyte  resistivity,  (ohm-centimeters). 

P = Adjusting  Factor  for  groups  of  anodes  (from 
Table  26). 

Note:  F = 1.0  where  only  one  anode  is  used. 


1 
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Table  26 

Adjusting  Factors  Tor  Parallel  Anodes 


Ho.  of 
Anodes  in 


Parallel  5* 

2 

0.652 

3 

0.586 

4 

0.520 

5 

0.466 

6 

0.423 

7 

0.387 

8 

0.361 

9 

0.332 

10 

0.311 

11 

0.292 

12 

O.276 

13 

0.262 

14 

0.249 

15 

0.238 

16 

0.226 

17 

0.218 

18 

0.209 

19 

0.202 

20 

0.194 

22 

0.182 

24 

0.11:71 

26 

0 . 161 

28 

0.152 

30 

0.145 

10* 

15  ‘ 

0.576 

x0.55l 

0.460 

0.418 

0.385 

0.340 

0.333 

0.28Q 

0.295 

0.252 

0.265 

0.224 

0.243 

0.204 

0.222 

0.185 

0.205 

0.170 

0.192 

0.158 

0.180 

0.143 

0.169 

0.139 

0.160 

0.131 

0.152 

0.124 

0.144 

0.117 

0.138 

0.112 

0.132 

0.107 

0.127 

0.102 

0.122 

0.098 

0.114 

0.091 

0.106 

0.085 

0.100 

0.079 

0.094 

0.075 

0.089 

0.070 

20  ‘ 

25' 

0.53.8 

0.530 

0.397 

0.318 

0.384 

0.304 

O.267 

0.231 

0.253 

0.218 

0.204 

0.192 

0.184 

0.172 

0.166 

0.155 

0.153 

0.142 

0.141 

0.131 

0.132 

0.122 

0.123 

0.114 

0.116 

0.107 

0.109 

0.101 

0.103 

0.095 

0.099 

0.094 

0 . 091 
0.086 

0.090 

0.082 

0.086 

0.079 

0.079 

0.073 

0.074 

0.067 

0.069 

0.063 

0.065 

0.059 

0.061 

0.056 

Approximate  anode-to-elsctrolyte  resistance  values  for  single 
anodes  are  quickly  and  easily  obtained  from  the  following: 

, Rv  = 0.0018/ for  a vertically  installed  60"  anode  in  a 
10-foot  column  of  backfill,  one  foot  in  diameter. 

Rv  = 0.0022/ for  a vertically  installed  60"  anode  in  a 7 
foot  column  of  backfill,  one  foot  in  diameter. 

Rv  = 0.0047/  for  a vertically  installed  2"  x 60"  anode, 
without  backfill. 

Rv  = 0.0050/for  a vertically  installed  1-1/2"  x 60"  anode, 
without  backfill. 

R » Anode-to-electrolyte  resistance  for  a single  anode,  in 
ohms. 


where 

)P  = Resistivity  of  electrolyte  (ohm-centimeters). 


loe 


n ■ 1 


b.  Anodes  in  a Water  Tank.  The  following  is  a 
formula  developed  by  E.  R.  Shepard  for  a single  cylindrical 
anode : 


R . 0.012/ log  P/d 


where 

R ■ resistance,  (ohms), 
j P ■ water  resistivity  (ohm-cm). 

L m anode  length  (ft . ) 
d « anode  diameter  (same  units  as  D). 

D - tank  diameter  (same  units  as  d). 

If  four  or  more  anodes  are  used  in  a circle  in  a water  tank, 
this  equation  is  modified  to  read: 

R „ 0. 012  y?  log  D/a 


where 

a ■ equivalent  diameter  factor  from  curve  in  Figure  53 
times  diameter  of  anode  circle. 

When  short  stub  anodes  are  used  in  a water  tank,  consider- 
able current  fringing  effects  are  prevalent  at  both  ends. 
The  actual  resistance  of  a short  anode  is  the  fringe  factor 
from  curve  in  Figure  54  times  R as  calculated  from  the 
above  equations. 

A short  anode  is  considered  as  one  which  has  an  L/d  ratio 
less  than  100.  When  a short  anode  is  used  singly,  the  L/d 
ratio  is  figured  for  the  individual  anode.  However,  when 
short  anodes  are  used  in  a string,  the  L/d  ratio  Is  figured 
for  the  entire  string.  For  example,  five  l-l/2-in.  dia.  by 
12-in.  long  anodes  in  a string  would  have  an  L/d  ratio  of 
60/1.5  or  40.  The  L/d  ration  for  one  of  these  anodes  when 
used  alone  would  be  12/1.5  = 8. 

(l)  Anode  Spacing  for  Water  Tanks.  When  Impressed 
current  anodes  are  used  In  a circle  in  a water  tank,  the 
following  formula  may  be  used  to  determine  optimum  radius 
of  this  circle: 

r = DN/2(*T+  N) 

r = radius  of  anode  mounting  from  center  of  tank  (ft.). 

D = tank  diameter  (ft.). 

N = number  of  anodes. 
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Figure  53 

EQUIVALENT  DIAMETER  FACTOR  FOR  ANODES  IN  A CIRCLE  IN  WATER  TANK 


7.4.3  Simplified  Expressions  for  Galvanic  Anode 
Current  Output.  Current  output  for  a standard  size  magnes- 
ium or  zinc  anode  can  be  estimated  from  the  equation: 

1 -figL 

f 

where 


1 » current  output  (milliamperes ) 

C * a constant  (50,000  for  zinc;  150,000  for  magnesium) 
f a anode  size  factor,  obtained  from  Table  27 
y a structure  potential  factor,  obtained  from  Table  28 
f = electrolyte  resistivity  (onm-centimeters ) 


This  equation  assumes  a .bare  or  very  poorly  coated  struc- 
ture, electrolyte  resistivity  above  500  ohm-centimeters, 
and  distance  between  structure  and  anode  of  10  feet.  For 
well-coated  structures,  structurp-to-electrolyte  resistance 
is  greater,  making  anode  output  current  less.  For  a well- 
coated  structure,  then,  constant  "C"  becomes  40,000  for  zinc 
and  120,000  for  magnesium. 
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j 
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5 

9 

17 


8 


50 

9 

10 

18 


^ht 

packaged) 


Anode  Wei 
^ (Pound 8 


Table  27  (Reference  21) 
Qaivanic  Anode  site  pkctorT  f 
Standard  Anodes 


packaged 
packaged. 
_ , .packaged ) 
32  (packaged) 
50  > 


Size  Factor, 

.f 

— im- 


ko 

42 

15 

20 

25 


packaged-anode  dimension  8 in  dia.x  16  in) 
packaged-anode  dimension  5 ih  x 5 in  x 31  in) 

Long  Anodes 

(2.75  in  x 2.75  in  x 26  in  T&cVrill  6 in  x 31  in) 
1.5  in  x 1.5  in  x 72  in  backfill  4 in  x 78  in) 

2 in  x 2 in  x 72  in  backfill  5 in  x 78  in^ 


20  (2.5  in  x 2.5  in  x 60  in  backfill  5 in  x 66  in) 


(3.75  in  x 3.75  in  x 60  in  backfill  6.5  in  x66in) 
(3  in  x 3 in  x 72  in  backfill  6 in  x 78  in) 

Extra  Long  Anodes 

1.6  in  dia.  x 10  ft  backfilled  to  b in  dia. 

1.3  in  x 20  ft  backfilled  to  6 in  dia  . ) 

2 in  dia.  x 10  ft  backfilled  to  8 in  dia.) 


0.60 

0. 71 
1.00 
1.06 
1.09 
1.29 

1.01 

1. p 

1.81 
1.66 
1.72 
1.90 

2.61 

4.28 

2.81 


Structure-to-Electrolyte 
Potential  (Volts,  Relative 
to  Copper-Copper  Sulfate) 
-0.76 
-0.86 
-O.85 
-0.90 
-1.00 
-1.10 
-1.20 


Table  28  (Reference  28) 
Structure  Potential  Factor,  y 


Structure 
Factor,  y 
(Magnesium) 

l!o7 

1.00 

0.93 

0.79 

0.64 

0.50 


Structure 
Factor,  y 

Lz^cl . 


4 


7&T 

1.20 

1.00 

0.80 

0.40 

0.00 

0.00 


For  a groundbed  of  more  than  one  vertical  magnesium  anode, 
total  current  output  is  a multiple,  not  linear,  of  single 
anode  output.  The  multiplying  factor  is  a function  of  anode 
number  and  spacing  as  well  as  size.  Table  29  (reference 
22 ) gives  values  of  this  factor  for  vertical  17-pound  pack- 
aged magnesium  anodes.  This  table  can  be  used  to  approxi- 
mate current  output  values  for  other  size  magnesium  anodes 
as  well  as  zinc  anodes. 


ill 


Figure  54 

FRINGE  FACTOR  FOR  STUB  ANODES 


Table  29  (Reference  21) 
Multiplying  Factor  for*  Magnesium  Anode  Groups 


Multi 
No.  of  Anodes 

Lplylng  : 

Factor  (Anoc 

le  Spacing  in 

Feet) 

in  Parallel 

5 

10 

15 

20 

“2 

TT839 

1.920 

T.W 

TT96T 

3 

2.455 

2.705 

2.795 

2.848 

4 

3.036 

3.455 

3.625 

3.714 

5 

'3.589 

4.188 

4.429 

4.563 

6 

4.125 

4.902 

5.223 

5.411 

7 

4.652 

5.598 

6.000 

6.232 

8 

5.152 

6.277 

6.768 

7.036 

9 

5.670 

6.964 

7.536 

7.875 

10 

6.161 

7.643 

8.304 

8.679 

7.4.4  Determining  Anode-to-Electrolyte  Resistance  by  \ 

Testing.  Tables  and  formulae  provide  onlv  a rough  estimate  J 

of  anoae-to-electrolyte  resistance  or  galvanic  anode  current 
output.  These  values  are  determined  by  many  factors  and  can  \ 

only  be  truly  determined  after  installation  of  anodes. 


Two  practical  methods  of  determining  total  anode-to-clectro- 
lyte  resistance  by  direct  measurement  oan  also  be  used  for 
ljapressed  current  syrcems. 

The  first  of  these  consists  of  the  following  steps: 

a.  Install  anodes  complete  with  all  connecting  cables. 

b.  Test  the  resistance  between  structure  to  be  cathod- 
ically  protected  and  installed  anodes.  Step  "bM  will  yield 
the  circuit  resistance  so  that  proper  size  rectifier  can  be 
ordered. 

The  second  method  consists  of  the  following  t\teps: 

a.  Install  rectifier,  complete  with  pbijfer  supply,  be- 
fore installing  any  anodes. 

b.  As  each  anode  is  installed,  calculate  circuit  re- 
sistance by  reading  rectifier  D.C.  amperage  and  voltage. 

When  readings  indicate  the  desired  resistance,  anode  installa- 
tion is  discontinued. 

These  methods  are  useful  when  it  is  impractical  to  obtain 
electrolyte  resistivity  readings.  Also,  they  eliminate  the 
effect  of  errors  in  computations  caused  by  variable  electro- 
lyte resistivity  and  allow  the  engineers  to  size  the  cath- 
odic protection  unit  very  closely. 

For  galvanic  cathodic  protection,  a temporary  or  test  ground- 
bed  of  the  type  anode  to  be  used  may  be  installed.  Resist- 
ance, current  output,  and  actual  protection  can  then  be 
tested. 


7.5  Backfill  Around  Anodes  in  Soil.  Backfill,  care- 
fully tamped  around  anodes  Installed  in  soil,  generally  in- 
creases their  effectiveness.  It  reduces  anode-to-electro- 
lyte  resistance;  under  favorable  conditions,  this  resistance 
may  be  reduced  to  one-half  to  one-third  bare  anode  resist- 
ance. In  addition,  backfill  provides  a uniform,  favorable 
environment,  reducing  polarization  effects  and  uneven  dissol- 
ution. This  minimizes  high-resistance  build-up  on  anode  sur- 
faces and  often  helps  increase  operational  life.  For  these 
reasons,  use  of  backfill  should  be  considered  in  cathodic 
protection  design. 

Backfill  adds  to  the  cost  of  cathodic  protection.  However, 
power  savings  may  warrant  its  use.  If  soil  resistivity  is 
ten  or  more  times  backfill  resistivity  (in  the  neighborhood 
of  500  to  1000  ohm-centimeters),  the  voltage  drop  of  anode 
current  through  backfill  becomes  negligible  with  respect  to 
the  anode  and  the  backfill  becomes  the  effective  anode. 

In  many  cases  it  is  impossible  to  use  backfill  at  all,  or 
impossible  to  get  it  properly  tamped  and/or  distributed 
around,  anodes.  Examples  of  this  are  swamps,  quick  sand,  and 
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sone  "Deep  Well”  installations . However,  "packaged"  anodes 
■ay  be  the  answer  to  some  problems.  In  addition,  backfill 
always  requires  additional  inspection  care  during  installa- 
tion because  it  should  be  tested  before  being  used,  care- 
fully tamped,  and  distributed  uniformly  around  anodes. 

Packaged  anodes  should  be  carefully  Inspected  because  anode- 
to-cable  connection  is  hidden  from  view. 

7.5.1  Impressed  Current  Anode  (HSCBCI  or  Graphite) 
Backfill.  Carbonaceous  backfill  (paragraph  4.3.V),  suit- 
able for  use  around  impressed  current  anodes,  can  be  coke 
breeze  (crushed  coke)  or  flake  graphite.  The  coke  must  orig- 
inate from  coal,  or  be  recalcined  petroleum  coke.  Flake 
graphite  is  usually  more  expensive  than  coke  breeze,  but  may 
be  best  to  use  for  "Deep  Wells"  because  the  particles  tend 

i'o  clip  over  each  other. 

HSCBCI  anodes  do  not  require  backfill  for  operation,  but 
lower  circuit  resistance  may  result  from  its  use. 

Backfill  should  always  be  used  with  graphite  anodes  in  soil, 
to  provide  a low  resistance  environment.  Otherwise,  the 
large  difference  in  resistance  at  the  anode  surface  (anode 
to  soil)  will  cause  rapid  dissolution  of  the  anode  and 
greatly  shorten  it3  life.  Graphite  anodes  can.  be  used  with- 
out backfill  in  extremely  low  resistance  homogeneous  environ- 
ments (such  as  sea  water).  In  high  resistance  electrolytes 
(irial'  where  backfill  cannot  be  used  (such  as  swamps,  etc.), 
graphite  anodes  are  not  recommended. 

7.5.2  Galvanic  Anode  Backfill.  Backfill  for  galvanic 
anodes  consists  of  a combination  of  material  (paragraphs 

5.1.1.d  and  5.1.2.d).  It  is  essentially  gypsum  (mould- 
ing plaster),  bentonite  clay,  and  sodium  sulfate.  Sodium 
sulfate  lowers  anode-to-electrolyte  resistance.  Bentonite 
acts  as  a sponge,  .holding  moisture  around  the  anode.  Gypsum 
is  a binder  which  (holds  the  backfill  together  preventing 
leaching  of  the  components.  If  backfill  is  needed  and,  for 
some  reason,  none  is  available.,  bags  of  "moulding  plaster" 
(actually  gypsum)  can  be  substituted;  this  is  available  at 
most  local  building  supply  houses.  Hairless  moulding 
plaster  is  preferred. 

Backfill  should  always  be  used  with  zinc  anodes  in  soil. 

Zinc  requires  an  environment  free  from  damaging  compounds 
such  as  carbonates,  which  react  with  the  metal  causing  it  to 
"seal  over".  This  naturally  stops  the  anode's  effectiveness, 
because  little  or  no  current  will  flow.  (High-resistance 
surface  film  is  formed.) 

Magnesium  anodes  experience  little  or  no  corrosion  product 
build-up  and  thus  do  not  absolutely  require  backfill.  How- 
ever, backfill  is  usually  employed  to  increase  current  output. 
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7.5*3  Packaged  and  Pnpggkaged  Anodes.  Both  galvanic 
and  impressed  current  (cast  iron  or  graphite)  anodes  are 
available  prepackaged  in  the  appropriate  backfill , for  ease 
of  installation.  Qalvanic  anodes  are  generally  packaged  in 
cloth  bags,  whereas  impressed  current  anodes  are  packaged  in 
metal  cylinders  ("stove  pipes"). 

Prepackaged  anodes  are  relatively  simple  to  install;  the 
backfill  is  already  tamped  in  place,  and  the  entire  installa* 
tlon  is  ready  for  direct  burial.  This  is  of  particular  use 
in  areas  were  backfilling  is  impractical  such  as  swamps  or 
caving  sand.  Unpackaged  anodes  are  less  expensive,  but  re- 
quire more  installation  time  for  use  in  backfill.  Backfill 
must  be  thoroughly  compacted  in  layers  by  hand  or  power  tamp- 
ing. Particular  care  must  be  taken  in  placing  and  tamping 
backfill  around  anodes  to  assure  complete  and  intimate  con- 
tact, free  of  voids,  between  anodes  and  backfill.  However, 
a more  Intimate  contact  with  soil  results! 

Disadvantages  of  packaged  anodes  are: 

a.  High  additional  cost  of  material. 

b.  Added  cumbersome  weight  to  transport  and  handle. 

Ci  Possibility  of  voids  developing  during  transporta- 
tion. 

d.  Anode  inspection  and  lead  wire  connection  is 
difficult.  Breaks  or  defects  could  be  present,  prior  to 
installation , which  could  affect  anode  operation. 

The  choice  of  packaged  or  unpackaged  anodes  depends  on 
economics  and  site  conditions.  In  general,  packaged  impres- 
sed current  anodes  are  not  Justified  for  military  use  except 
in  unstable- excavations. 

7.6  Rectifier  Alternating  Current  Rating.  Based  on  the 
definition'  of  rectifier  efficiency,  the  A. C,  rating  for  a 
single-phase  rectifier  can  be  calculated: 

Iac  = Edc  x Idc  (1-phase) 

~"F  x,  £ac 

where 

Iac  = alternating  current  (amp). 

Edc  » direct  current  (volts). 

I(jc  = direct  current  (amps). 

F = rectifier  efficiency. 

Eac  = alternating  current  (volts). 


i 


i 


1 

•'  i 
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For  a three-phase  rectifier  the  equation  becomes: 

Iac  - *dc  xJTdc  (3-phase)  j 

x P x BaC  ‘ 

i 

where  the  letter  nomenclature  is  the  same  as  shown  for  1 

single-phase. 

7.7  Cable  Specifications  and  Data.  Connecting  cables 
can  be  selected  after  consideration  of  the  following  factors: 

1.  Current  carrying  capacity  (heating) 

2.  Voltage  attenuation  (IR  drop  which  can  reduce 
anode  voltage  below  required  level). 

?.  Mechanical  strength 

. Economics  (power  losses  vs.  initial  investment) 

5.  Dielectric  strength  of  insulation  in  electrolyte 
environment . 

Table  30  lists  properties  of  single  conductor  stranded 
copper  cables  (high  molecular  weight  polyethylene  or  RR-USE 
in  direct  burial  service).  Both  high  molecular  weight  single 
extrusion  polyethylene  and  RR-USE  insulations  give  satis- 
factory service  in  cathodic  protection. 

The  positive  rectifier  cable  (rectifier  to  anodes)  of  im- 
pressed current  systems  must  be  well-insulated.  This  cable 
is  positive  relative  to  earth;  cable  insulation  breaks  re- 
sult in  current  discharge  and  rapid  corrosion.  Failure  of 
part  or  all  of  the  system  may  occur.  For  this  reason,  cable 
insulation,  in  this  part  of  an  impressed  current  system, 
must  be  chosen  with  care.  ; 

The  negative  rectifier  cable  (rectifier  to  structure)  of 
impressed  current  systems  and  the  connecting  cables  (anode 
to  structure)  of  galvanic  anode  systems  do  not  require  such 
high-quality  insulation.  These,  as  well  as  test  wires  and 
other  cables  connected  to  the  protected  structure,  are  them- 
selves protected.  In  order  to  avoid  wasting  cathodic  pro- 
tection current,  and  to  prevent  corrosion  if  the  cathodic 
protection  is  turned  off,  however,  well-insulated  cables 
should  be  used.  In  addition  to  possible  loss  of  current, 
galvanic  cells  (requiring  more  current  to  neutralize  than 
other  corrosion)  between  copper  cable  and  steel  are  also 
possible  if  bare  or  poorly-insulated  cable  were  employed. 
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Table  30 

Concentric  Stranded  Copper Single  Conductors 
Direct  Burial  Service  Suitably  Insulated 


Overall 

Maximum 

Diameter 

Approx. 

Maximum 

Allow * 

Not 

Weight 

Maximum 

D.C. 

D.C. 

Including 

Not. Inc. 

Breaking  Resistance 

Current 

Size 

Insulation 

Insulation 

Strength  § 20#C 

Capacity 

AWQ 

Vf 

(Inches) 

0.0728 

(lbs./ta  ft) 
12.68 

(lbs.) 

"'l30 

johms/M  ft) 

12 

0.0915 

20.16 

207 

l!6200 

20 

10 

.0.1160 

32.06 

329 

1.0200 

30 

8 

0.1460 

50.97 

525 

0.6400 

45 

6 

0.1840 

81.05 

832 

0.4030 

65 

4 

0.2320 

128.90 

1320 

0.2540 

85 

3 

0.2600 

162.50 

1670 

0.2010 

100 

2 

0.2920 

204.90 

2110 

0.1590 

115 

1 

0.3320 

258.40 

2660 

0.1260 

130 

i/O 

0.3730 

0.4190 

325.80 

3350 

6.1000 

150 

2/0 

410.90 

4230 

0.0795 

175 

3/0 

0.4700 

518.10 

5320 

0.0631 

200 

4/0 

0.5280 

653.30 

6453 

0.0500 

230 

250  MCM  0.5750 

771.90 

7930 

0.0423 

255 

7.7.1  Insulation.  Some  manufacturers  have  labeled 
this  "cathodic  protection”  cable.  The  original  product  was 
polyethylene  (PE)  Insulated  and  polyvinylchloride  (PVC) 
Jacketed.  The  latter  was  not  intimate  or  a close  fit  to  the 
former.  Therefore,  moisture  entered  cable  to  anode  connect- 
ions, causing  rapid  failure.  This  is  not  a problem  with 
single  extrusion  cable  insulation. 


The  most  widely  used  cable  insulation  for  cathodic  protec- 
tion service  today  is  probably  high  molecular  weight  poly- 
ethylene (HMWPE)  110  mils  thick.  This  is  used  for  lead 
wires,  rectifier  cables,  and  bond  wires.  It  is  recommended 
over  high  density  polyethylene  (HDPE)  which  is  only  60  mils 
thick  - further,  this  material  reportedly  is  subject  to 
stress  cracking.  Although  relatively  expensive,  HMWPE  exhib- 
its superior  performance  and  Is  recommended  for  all  positive 
header  cables  in  inaccessible  locations  (buried  or  submerged, 
for  example),  or  where  moisture  can  reach  the  cable,  or 
where  damage  is  likely..  Less  expensive  insulation  will  gen- 
erally suffice  in  other  applications. 

Synthetic  rubber  insulations  (Type  RHW-USE)  consisting  of  a 
butyl  sheath  and  neoprene  jacket  with  a nominal  total  thick- 
ness of  100  mils  continue  to  be  used.  The  reported  disadvan- 
tages of  dual  plastic  insulations  are  not  applicable  because 
the  two  rubber  compounds  have  good  elastic  "fit".  Thebe 
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materials  give  excellent  service  unless  they  are  exposed  to 
liquid  hydrocarbons  (gasoline,  etc.). 

In  deep  groundbeds,  where  conventional  cable  insulation  may 
be  subject  to  degradation  from  chlorine,  economics  sometimes 
Justify  use  of  more  costly  materials.  The  highly  inert 
fluorocarbons  plastics,  such  as  fluorinated  ethylene  propy- 
lene (FEP),  tetrafluorethylene  (TFE),  and  polyvinylidene 
fluoride  (PVF2)>  are  used  both  as  a primary  insulation  and 
outer  Jacket,  respectively,  by  different  cable  manufacturers. 
The  outer  Jacket  of  these  more  exotic  materials  is  about  10 
mils  per  side.  The  primary  insulation,  usually  a cross- 
llnkeci  extruded  polyaikene,  is  about  30  mils  per  side.  A 
thin  outer  Jacket  is  subject  to  mechanical  damage  during 
Installation.  Even  these  sometimes  fail. 

One  newly  developed  Insulation  used  for  deep  groundbed  In- 
stallations consists  of  an  outer  Jacket  of  high-molecular 
weight  polyethylene  (40  mils)  and  a primary  insulation  of  a 
copolymer  E-CTFE  (ethylene  and  monochlorotrlfluoroethylene, 

20  mils).  This  combination  shows  promise,  but  has  not  been 
fully  proven  in  the  field. 

Type  TW  Insulation,  which  may  consist  of  a variety  of  mater- 
ials, is  adequate  for  certain  applications  - test  wires, 
galvanic  anode  connections,  above-grade  rectifier  wiring, 
etc.  - where  cables  are  not  exposed  to  the  electrolyte  or 
high  posi  :ive  voltages. 

7.7.2  General  Application.  Recommended  wire  sizes 
and  insulation  types  for  general  use  in  military  cathodic 
protection  installations  are  given  here. 

a.  Test  Wires.  Test  wires  are  to  be 

No.  12  solid  copper  cable  with  Type  TW,  RHW-USE,  or  poly- 
ethylene insulation.  These  wires  handle  only  small  amounts 
of  current  and  are  themselves  cathodically  protected.  There- 
fore, the  wire  size  Is  small,  and  choice  of  insulation  mater- 
ial is  not  as  strict. 

b.  Bond  Wires.  All  bond  wires  ‘are  to 

be  No.  4,  7-strand  copper  cable  with  high  molecular  weight 
polyethylene  (HMWPE)  insulation.  Bonding  is  an  important 
part  of  cathodic  protection,  insuring  electrical  continuity 
where  required. 

c.  Galvanic  Anode  Lead  Wires.  Galvanic-  anodes  gener- 
ally are  supplied- with  standard  lead  wires:  10  feet  of  No. 

12’  solid  copper  cable  with  TW  insulation.  Since  galvanic 
anodes,  produce  little  current  and  A.C.  fault  currents  are 
unlikely,  this  size  wire  is  generally  satisfactory.  Type  TW 
insulation  can  be  used  because  galvanic  voltages  are  low. 

d.  impressed  Current  System  Cables^  Impressed  cur- 
rent anodes  are  generally  supplied  with  standard  lead  wires: 

5 feet  of  No.  8,  7-strand  copper  cable  with  KMWPE  insulation. 
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These  leads  are  spliced  Into  a header  cable  going  to  the 
positive  rectifier  terminal.  For  military  Installations, 
thl3  cable  Is  to  be  ?-3trsuid  copper  cable  with  HKWPE  Insula- 
tion; size  Is  No.  2 or  larger,  depending  on  current  require- 
ments. This  cable  Is  especially  Important,,  being  a major 
component  of  the  circuit.  In  addition,  it  is  subject  to  cor- 
rosion and  rapid  failure  at  each  cable  Insulation  or  splice 
insulation  defects. 

Rectifier  negative  (rectifier  to  structure)  cable  is  al3o 
important  to  circuit  integrity , but  this  cable  is  actually 
being  cathodically  protected  and  therefore  not  as  likely  to 
cause  problems  as  the  positive  one.  It  is  good  practice  to 
use  well-insulated  cable  here  also,  however,  to  avoid  current 
losses  and  possible  galvanic  cells  between  copper  cable  and 
steel  structure.  (Thic  could  be  a problem  if  the  system  Is 
ever  turned  off.)  HMWPE  insulated,  7-strand  cable  - usually 
No,  4 or  No.  6,  is  used.  Economical  wire  size  can  be  deter- 
mined according  to  Kelvin’s  law  (paragraph  J. 7.3). 

7.7.3  Economic  Wire  Size.  Conformance  to  Kelvin's 
Economic  Law  Ts~one  of "the  governing  factors  in  design  of 
cable  conductors  for  cathodic  protection  systems.  This  law 
states:  "The  proper  size  of  cable  is  that  for  which  the 

cost  of  the  losses  equals  the  annual  fixed  charges."  or 

"The  proper  cable  size  is  one  which  makes  the  sum  of  the 

annual  cost  of  losses  and  the  annual  fixed  charges  a minimum. " . 

The  following  relationship  permits  computation  of  the  annual 
cost  of  losses: 

V = MKm 
where 

M » 0.0876  I2r,  and  Km  = *£ 

V * Annual  cost  of  losses,  ( dollars  per  year) 

I = Current  flew  in  cables  (amperes) 

R = Resistance  of  100.  feet  of  cable  (ohms) 

P = Cost  of  power  (cents  per  kwh) 

E m Efficiency  of  rectifier,  or  other  current  source  (#) 

L = Length  of  cable  (feet) 

Table  3-1  lists  the  :M  factors  for  various  wire  sizes  and 
conductor  currents,  The.  annual  cost  of  fixed  charges  of  a 
cable  can  be  computed  from: 

F = 0.15  S L 

F = Annual  fixed  charge  (dollars  per  year) 

S = Initial  cable  cost  (dollars  per  foot) 

L = Cable  length  (feet) 
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0.15  = Estimated  annual  charges  (dollars) 

note:  This  factor  will  vary.  However,  the  following 

estimate  is  used  here: 

0.02  ....  Depreciation 

0.06  ....  Interest 

0.04  ....  Taxes  and  Insurance 

0.03  ....  Operation*  and  Maintenance 

Total  annual  costs  will  equal  the  sum  of  the  annual  cost  of 

losses  and  the  annual  cost  of  fixed  charges  (.1  * V + F,). 

/ 

7.8  Connections  and  Splices.  The  designer  must  not 
allow  any  more  connections  "and'  splices  in  cathodic  protection 
D.C.  wiring  than  absolutely  necessary.  This  is  because  all 
systems  are  basically  low  voltage  and  increased  resistance 
will  increase  power  costs  and  reduce  protection  effectiveness. 
Also,  wiring  is  often  buried  or  submerged  in  an  electrolyte 
where  even  the  smallest  pinhole  in  insulation  will  mean  rapid 
failure,  and  repairs  are  difficult  because  of  inaccessibility. 

Every  connection  should  be  carefully  inspected  before  and 
after  being  insulated  with  material  of  quality  at  least  equal 
to  that  of  the  cable  insulation.  Thermit  welds  or  solder 
should  be  used  as  connections.  Mechanical  connections  some- 
times result  in  higher  resistance,  fail  prematurely,  and  are 
often  not  as  foolproof  to  Install.  Care  must  be  taken  not 
to  damage  cable  insulation  and/or  structure  coatings  more 
than  necessary.  As  previously  mentioned,  any  break  In 
splice  or  cable  insulation  in  posits ve  D.C.  wiring,  when 
these  are  suspended  in  the  electrolyte,  will  mean  rapid  and 
premature  failure  of  these  positive  feeders. 

Necessary  connections  for  galvanic  anode  systems  Include: 
cable  to  anode  (each  anode) 
cable  to  structure  (each  anode) 

In  addition,  bonds  or  test  wires  require  connections,  if 
these  are  to  be  Installed. 

Necessary  connections  for  impressed  current  systems  include: 
cable  to  anode  (each  anode) 
negative  cable  to  structure 

In  addition,  it  is  necessary  to  splice  each  individual  im- 
pressed current  anode  into  a "header"  cable  unless  long  indi- 
vidual leads  are  used  between  each  anode  and  the  rectifier 
power  supply.  As  with  galvanic  systems,  bonds  or  test  wires 
may  also  ix  require i,  necessitating  additional  cable  to 
structure  connections.  If  more  than  one  header  cable  is  re- 
quired because  o?  structure  geometry,  additional  splices  may 
be  required  to  join  these. 

(Note:  all  spl’ces  should  oe  indicated  on  design  layouts  and 
not  left  to  the  discretion  of  installation  contractors.  No 
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splices  other  than  chose  indicated  on  drawings  should  be 
allowed  without  permission  from  the  engineer. ) 

Cable  to  anode  connections  were  discussed  with  individual 
anode  types.  These  connections  are  crucial  and  their 
strength  should  be  at  least  as  great  as  the  cable  breaking 
strength. 

Cable  to  cable  connections  (such  as  splices  between  anode 
lead  wires  and  header  cable)  require  insulation  to  remain 
moisture-proof.  Recommended  insulation  is  epoxy  connection 
coverings  which  come  in  kit  form. 


Cable  to  structure  connections  (paragraph  4.3)  do  not  re- 
quire epoxy  splice  kits,  although  these  are  available.  It 
is  more  practical  and  equally  effective  to  coat  the  connect- 
ion with  hot  coal-tar  enamel  (or  material  equivalent  to  struc- 
ture coating)  and  wrap  with  pipeline  felt. 

8 EXAMPIES  0?  CATHODIC  PROTECTION  DESIGN.  Several 
design  examples  are  detailed  here  for  guidance  and  assist- 
ance in  proper  use  of  this  manual.  Conditions  are  assumed. 
They  are  shown  for  illustration  only,  and  no  consideration 
is  given  to  cathodic  interference,  on  neighboring  structures. 
These  illustrations  do  not  fix  design  criteria  or  indicate 
any  one  material  superior  to  another. 


Design  calculations  should  be  based  on  field  measurements 
rather  than  calculated  estimates.  In  this  way,  actual  con- 
ditions are  considered,  and  cathodic  protection  is  designed 
around  an  existing  situation,..  Frequently,  cathodic  protec- 
tion must  be  designed  prior  bo  structure  installation*  neces- 
sitating the  use  of  calculated  current  requirement  and  resis- 
tance estimates.  These  calculations  are,  of  course,  more  in- 
volved than  those  based  on  field  measurements.  These  longer 
calculations  are  followed  In  some  examples,  with  the  under- 
standing that  this  method  should  only  be  used  when  it  is 
impractical  or  impossible  to  obtain  actual  field  measure- 
ments. 


a.  Elevated,  Steel  Hater  Tank.  This  impressed  current 
design  is  for  a tank  which  has  not  been  built;  hence,  it  is 
not  possible  to  determine  current  requirements,  etc.  by 
actual  measurement.  Calculated  estimates  are  used. 

(l)  Design  Data. 

(5) 

'c 

[e 

f; 

s; 


Tank  capacity 

500,000 

gal. 

Tank  height  (from  ground 

to  bottom  of  bowl) 

115 

ft. 

.Diameter  of  tank 

56 

ft. 

High  water  level  in  tank 

35 

ft. 

Over-all  depth  of  tank 

39 

ft. 

Vertical  shell  height 

11 

ft. 

Riser  pipe  diameter 

5 

jyju 
J.  U • 
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(h) 


OO 


m 

> 

(o 


Shape  or  tank  Ellipsoidal, 

both  top  and 
bottom 

All  internal  surfaces  are  ancoated 
Design 'for  maximum 

current  density  2 ma. /sq.ft. 

Electric  power  available  120/240  VAC, 


String-type  HSCBCI  anodes  are 
Design  life 
Water  resistivity 
Tank  water  will  not  be 
subject  to  freezing 
Assumed  deterioration  rate 
Anode  efficiency  (assumed) 


single  phase 
used 

10  years 
4000  ohm- cm. 


1.0  lb/amp-yr. 
5056 


(2)  Computations. 


(a)  Area  of  wetted  surface  of  tank 
bowl  (Figure  7-55) 


Top  section  (T) 

At  « 2^ rx  (approximate ) 


where 


r * 28  ft. 
x » 10  ft. 

AT  * 2 x 3.1416  x 28  x 10 
At  * 17o0  sq.  ft. 

Center  section  (C) 

Aq  = 2 T'rh 


where 


r - 28  ft. 
h . 11  ft. 

Ac  = 2 x 3.1416  x 28  x 11 
Ac-  = 1935  sq.  ft. 


Bottom  section  (B) 


Ag  = + r2 


where 


r = 28  ft. 
a = 14  ft. 

AB  = 2 x 3.1416  x 28x  l42  + 28s 
AB  = 3900  sq.  ft. 
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Figure  55 

SEGMENTED  ELEVATED  TANK  FOR  AREA  CALCULATIONS 
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Therefore 

Am  * 1760  SQ.  ft, 

Ac  - 1935  sq.  ft. 

Ab  * 3900  sq.  ft. 

Total  * 7595  3Q.  ft.  (wetted  area  of  tank  bowl). 

(b)  Area  of  riser  pipe. 

Ar  - 2^rRhR 

where 

i*r  * 2.5  ft.  (radius  of  riser) 
ho  « 115  ft.  (height  of  riser) 

Ao  » 2 x 3.1416  X 2.5  X 115 
Ar  - 1810  3q.  ft. 

(c)  Maximum  design  current  for  tank. 

IT  - 2.0  x 7595 

Lp  «*  15,190  ma.  or  15.2  amp. 

(d)  Maximum  design  current  for  riser. 

IR  * 2.0  x 1810 

Ir  * 3620  ma.  or  3.62  amp. 

(e)  Minimum  weight  of  tank  anode  material. 


where 

Y = 10  yr. 

S 1.0  lb./amp.-yr. 

E = .50 
I = 15.2  amp, 

W - 10  x 1.0  x 15.2 

" 30- 

W = 304  lb.. 

(f)  Minimum  weight  of  riser  anode  material. 

W = YSI 
TT 
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. where 


Y - 10  yr. 

S - 1.0  Ib./amp.-yr. 

I « 3.62  amp. 

E - 0.50 

V - 10  x 1.0  x 3.62 



W = 72.4  lb. 

(g)  Radius  of  main  anode  circle, 

r = (DN)/2  N) 

where 

D « 56  ft. 

N « 10  (assumed) 
r a 56  x 10 

ST3.1416  + Tff) 

r = 500/26.28 

r * 21.3  ft.,  use  22  ft. 

(h)  Spacing  of  main  aiodes.  Generally  the  dis- 
tance from  the  anode  to  the  tank  wall  and 
tank  bottom  is  about  equal;  this  distance 
should  be  about  one-half  the  circumferential 
distance  between  anodes. 

1.  Circumferential  spacing. 

C = (2rr)/N 

where 

r =22  ft.  (radius  of  anode  circle) 

N =10  (assumed  number  of  anodes) 

C = 2 x 3.1416  x 22 

w 

C = 13.8  ft.,  use  14  ft. 

2,  Cord  spacing  is  approximately  the  same  as 
circumferential  spacing;  14  ft.  will  be 
used;  see  Figure  56. 

(i)  Selection  of  main  anodes. 

1_.  Size  of  anode  units  selected  is  1-1/8"' 0.1). 
3/4  I.D.  x 9"  long.  This  is  a standard 
sausage-type  anode  which  weighs  1 lb..,  and 
and  has  a surface  area  of  0.25  sq  ft. 
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n>  in  I IliHli 


Figure  56 

ANODE  SPACING  FOR  ELEVATED  STEEL  WATER  TANK 


2.  The  miniaua  nuaber  of  anode  units  per 

anode  string,  based  on  a required  weight  of 
304  lb.  and  10  anode  strings  is  coaputed 
as  follows: 

Nuaber  of  units  ••  304/(10  x 1)  • 30.4; 
say  31  units  per  string. 

Since  the  internal  taak  surfaces  are  un- 
coated, a aaxiaua  structure- to-electrolyte 
voltage  is  not  a Uniting  factor.  However, 
since  it  is  desired  to  hold  the  anode  current 
at  or  below  the  aanufacturers  recoaaended 
discharge  rate  of  0.025  aaps  per  anode  for 
this  type  anode,  15. 2 AMP  » 61  anodes 

irTTrnrzraips 

per  string.  This  nuaber  of  anodes  per  string 
is  not  practical  for  the  bowl  since  the  dis- 
tance between  the  anode  hanger  and  the  botton 
of  tank  is  only  28  feet.  Table  32,  Technical 
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Bit*  cMMtly  used  HSCBC1  aaodn,  shews 
the  maximal  recommended  current  discharge 
per  aaods  for  rations  type  aaodes  to  in- 
sure  tea  year  minimum  life.  Using  type 
B suede,  S anodes  per  string  will  he  required. 
The  manufacturer  dees  not  recound  more 
than  2 type  B aaodes  per  string  assembly  be* 
cause  of  their  fragile  nature.  Therefore,  the 
best  choice  of  anode  for  the  main  anode 
strings  is  type  C or  type  CDD.  Type  COO  is 
recommended  because  the  lead  wire  connection 
will  be  protected  longer  by  the  thicker  wall 
of  the  enlarged  ends.  TUo  type  CDD  anodes 
per  string  will  provide  a current  capacity  of 
2 saps  x 10  strings  * 20  amps.  These  anodes 
will  be  spaced  as  shown  in  figure  S7. 


TABLE  32 

Technical  Data  • Commonly  Used  HSCBCI  Anodes 


Weight  Anode  Max 
(Lbs)  Discharge  (ami 


Max  Current 
Density  amp/sc 


FW**  1 l/8"O.D.  x 
3/4"! .D.  x 9" 

FC***  1 1/2”  x 9” 

G-2  2”O.D.  x 1 1/4 

I.D.  x 9” 

gftff  x«  x 60” 

C 1 1/2”  x 60” 

CDD*  1 1/2”  x 60?' 

M*  2”  x 60” 


0.02S 


0.07S 

0.100 


0.50 

1.00 


1.00 


0.25 

0.25 


0.36 

0.50 

0.50 


4 1/2  x 60 


10.0 


* Each  end  enlarged  with  cared  opening  for  wire. 
**  For  elevated  fresh  water  tank. 

***  For  distributed  system  in  ground  trench. 

* Not  more  than  2 anodes  per  asseably. 
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AMOOf  SUMMON  ANNANSEMENT  FOR  CLEWED  STEEL  SKTEVt  TANK 


NO  SCALE 


Anode  current  density  is  computed  as 
follows: 


Output  * 1JL2 ; 

2 x 10  x 2 

(j)  Resistance  of  main  anodes, 
o _ 0. 012Jf.log  D/a 


0.38  amp. /sq.ft, 


4000  ohm- cm. 

5 6 ft. 

2 x 5 ft.  - 10  ft. 

44  x 0.275  *=  12.1  ft.  (0.275  — 
equivalent  diameter  factor  from  curve 
Figure  53 ) . 

0,012  x _4000  log  _56/12  a 

48  log  4.o$8 

10 

3.19 


However,  the  L/d  ratio  of  twelve  1-1/2-in. 
diam.  x 9-in.  long  anodes  in  tandem  is  less 
than  100  and  tfius  the  fringe  factor  must  be 
used. 


L/d  • 2 x 60/1. S 
L/d  « 8<X100 

The  fringe  factor  from  curve  Figure  54 
corresponding  to  this  L/d  ratio  is  0.95 

R (adjusted)  = 3.1?  x o.9S 

R = 3.05  ohms 

(k)  Stub  anodes.  In  the  design  of  an  elevated 
water  tank*  the  heed  for  stub  anodes  must  be 
Justified.  The  main^  anode  radius  has  been 
calculated  to  be  22  ft..  Main  anodes-  are 
spaced  to  provide  approximately  the  same 
distance  from  the  sides  and  the  bottom  of  the 
tank.  The  main  anodes  will  protect  a length 
along  the  tank  bottom  equal  to  1-1/2  times 
the  spacing  of  the  anode  from  the  bottom. 


Figure  57  shows  the  anode  suspension  ar- 
rangement for  the  tank  under  consideration. 
Thus,  it,  can  be  seen  that  stub  anodes  are  re- 
quired for  this  design.  Ten  stub  anodes  are 
arranged  equidistant  apart  on  a circumference 
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having  a radius  of  8 ft.  in  a manner,  illus- 
trated-in  Figure  56.  For  smaller  diameter 
tanks,  stub  anodes  may  not  be  required. 

(l)  Current  division  between  main  and  stub  anodes 

1.  Area  of  tank  bottom  protected  by  stub 
“*  anodes  (Figure  57). 

As  " *12) 

where 

r2  - 13  ft.  (radius  of  protected  segment) 
r.i  » 2.5  ft.  (radius  of  riser) 

A3  --  3.1416  (13^  _ 2,52) 

As  - 3.1416  x 163 
As  3 512.1  sb.  ft. 

2.  Maximum  current  for  stub  anodes. 

Is  3 2.0  x 5X2.1 

Is  3 1024  ms.  or  1.02  amp 

3.  Maximum  current  for  tank  bowl  * 15.2  amp. 

4_.  Maximum  current  for  main  anodes. 

Im  * 15.2  - 1.02 

Im  * 14.2  amp. 

(m)  Rectifier  voltage  rating. 

1_.  Electrical  conductor  to  main  anodes. 

Wire  size  #2  AWG,  O.I59  ohm/1000  ft., 
estimated  length  200  ft. 

(R)  " IM  x .159  3 .032  ohm 
2.  Voltage  drop  in  main  anode  feeder. 

E •=  IR 
where 

I * 14. 2 amp. 

R = .032  ohm 
E « 14. 2 x .032 
E - 0.45- volts. 
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3.  Voltage  drop  through  Mia  modes. 

E - IR 

where 

I ■ 14.2  sop. 

R ■ 3.03  ohms 
E - 14.2  x 3.03 
E - 43.0  volts. 

4.  Total  voltage  drop  in  oain  anode  circuit. 

ET  - 0.45  ♦ 43.0 
E^  ■ 43.45  or  45  volts 

/ 

Use  a multiplying  factor  of  1.5,  or  67.5  volts. 

5.  The  nearest  commercially  available  recti- 
fier Meting  the  above  requireMnt  is  a 
single  phase,  80-volt  unit. 

(n)  Selection  of  stub  anodes.  Since  it  is  desirable 
to  use  as  small  an  anode  as  possible  without 
exceeding  the  manufacturers  recommended  rate, 
type  FC,  HSCBCI  anode  masuring  1 1/2”  x 9”  will 
be  tried.  One  anode  per  string  will  be  used  as 
shown  in  figure  57.  Anode  current  density  is 
computed  as  follows. 

Output  - 1.02/(10  x .03)  • 0.34  amp.  per  sq>  ft. 

Since  this  exceeds  the  recommended  max  anode 
current  density  (table  32),  type  B anode  is  the 
best  choice 

(o)  Resistance  of  stub  anodes. 

R - 0*012^  log  D/a 

L 


where 

'f  * 4000  ohm- cm 
D * 56  ft. 

L » 5 ft. 

a • 16  x 0.275  - 4.4  ft. 

R - 0.012  x 4000  log  56/4.4 
^ 

R - 48  lo*  12.73 
— — 

R ■ 48  x 1.105 

5 

R « 10. OS  ohms 
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l/d  - M/1  • 60 

Friac*  factor  froa  cwnrt  Figwt  54,  0.85 
R4adj*sted)  - 10.00  x 0.0S  • 0.57  ohas 

(p)  Volta go  drop  in  stub  abode  circuit. 

1.  Eloctrical  conductor  to  stub  anodes. 
~ Mira  size  #2  RIMS,  .159  otas/1000  ft., 

estimated  length  200  ft. 

(R)  (200/1000)  x .159  • .032  oha 

2 . Voltage  drop  in  stub  aaodo  foedor . 

E - IR 

where 

I * 1.02  sap. 

R - .032  oha 
E - 1.02  x .032 
E - .033  volt. 

3.  Voltage  drop  in  anode  suspension 

” conductors.  Estiaated  length  50  ft.* 
#2  AUG,  .159  ohas/1000  ft. 

(R)  • (50/1000)  x .159  - .008  oha 
E - IR 

where 

I « 1.02/10  • 0.102  aap. 

R - .008  oha 

E - 1.02  x .008 

E ■ negligible. 

4.  Voltage  drop  through  stub  anodes. 

E - IR 

where 

I • 1.02  aap 

R « 8.57  ohas 

E -1.02x8.57 
E -8.74  volts 
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5,  Total  voltage  drop  In  stub  anode  circuit. 

ET  = .033  ♦ 8.74 
Eij  = 8.77  volts 

6.  Since  -the  stub  anode  voltage  is  below  the 
45  volts  calculated  for  the  main  tank 
anode  circuit,  the  necessary  current  adjust- 

' ment  can  be  accomplished  through  a variable 
resistor  in  the  stub  anode  circuit. 

(q)  Stub  anode  circuit  variable  resistor. 

1..  Criteria  for  variable  resistor. 

The  resistor  should  be  capable  of  carrying 
maximum  anode  circuit  current  and  have  suf- 
ficient resistance  to  reduce  anode  current 
by  one-half  when  full  rectifier  voltage  is 
applied  to  the  anode  circuit. 

2.  Stub  anode  circuit  data. 

Rectifier  output,  go  volts 
Anode  current,  1.02  amp. 

Anode  resistance',  8.57  ohms. 

3..  Variable  resistor  rating. 

R = E/I 

where 

E = 80  volts 

I = 1,02./ 2 or  0.51  amo. 

R = 80/0.51 

R = 156.9  ohms 

Ohmic  value  of  resistor, 

156.9  - 8.57  « 148.3  ohms 

Wattage  rating  of  resistor, 

(l.02r  x 148.3  =154.2  watts 

The  nearest  commer daily  available  resis- 
tor size  meeting  the  above  requirements  is 
a 175-watt,  200-ohm,  1-amp.  resistor. 

(r)  Resistance  of  riser  anodes.  In  order  to 
obtain  the  maximum  desired  current  in  the 
riser  (3.62  amp.),  the  resistance  limit  is 
calculated  as  follows: 


E » 43.45  volts 
I - 3.62  sap. 

R - 43.5/3.2 
R ■ 12.0  ohas. 

(s)  Riser  anode  design. 

1.  Type  FW  (l  l/g"  x 9")  string  type  anodes 
" csnnot  be  used  in  the  riser  because  the 

aaxiaun  anode  current  discharge  of  0.02S 
aaps  per  anode  would  be  exceeded.  The 
best  choice  of  anode  for  flexible  riser 
string  is  type  G-2  (2"  x 9")  high  silicon 
cast  Iron  anode. 

2.  NuUber  of  units  required. 

R - 0.Q1ZP  log  D/d 

L « 0.012/*  log  D/d 


where 

'f  * 4000  ohn-cn. 

D ■ 5 ft. 

d ■ 2 in  or  .166  ft. 

R « 12  ohas 

L - 0.012  x 4000  lox  5/0.166 

n -■  

L - 48  x log  30.1 
Iz 

L - 48  x 1.479 

— n — 

L » 5.92  ft. 

Nuaber  of  units  ■ 5.93/0.75  « 7.9 

or  8 Units 

In  order  to  obtain  proper  current  distribution 
in  the  riser  pipe,  the  anode  units  should  not 
be  placed  too  far  apart.  It  is  generally  con- 
sidered that  each  anode  unit  will  protect  a 
length  along  the  riser  pipe  equal  to  1-1/2  tines 
the  spacing  of  the  anode  froa  the  riser  pipe  wall. 

Riser  height  ■ 115  ft. 

Spacing  (center  of  anode  to  tank  wall)  • 2.5  ft. 
Length  of  riser  protected  by  one  anode  * 

1.5  x 2.5  - 3.75  ft. 
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Number  oi’  units  required  = 115/3.75  - 30.7  or 

31  units. 


3.  Anode  resistance  based  on  the  U3e  of  31 
““  anode  units. 


R 


- 0.012/ log  D/d 
E 


where 

f ■ 4000  ohm-cm. 

D - 5 ft. 

d - 2 ‘ or>  0.166  ft. 

L « 31  x 9 in.  ■ 279  in  or  23.25  ft. 

R - 0.012  x 4000  log  5/0 A tA 

23.25 

R * 48  log  30.1 
— — 

R 3.05  °^TnB* 


L/d  ratio  for  the  riser  anode  string  is 
279/2  or  139.5;  thus  no  fringe  factor  cor 
rection  is  applied. 


(t)  Voltage  drop  in  riser  anode  circuit. 

1.  Electrical  conductor  to  riser  anodes.  Wire 
size,  #2  AWG  .159  ohms/1000  ft.,  estimated 
length  200  ft. 

(R)  = 200/1000  x .159  = .032  ohm. 

2.  Voltage  drop  in  riser  anode  feeder. 

E = IR 


where 

I =3.62  amp. 

R = .032  ohm 
E * 3.62  x .032 
E = .116  volt. 

3.  Voltage  drop  in  riser  anode  suspension 

cables.  Wire  size  #2  AWG,  .159  ohm/1000  ft. 
estimated  length  130  ft. 

(R)  = 130/1000  x .159  = .02  ohm 

E = IR 
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where 


6 


I « 3.62/2  * 1.81  amp.  average 
R ■ .02  ohm 
E . 1.81  x .02 
E « .04  volt. 

4.  Voltage  drop  through  riser  anodes. 

E - 1R 

where 

I « 3.62  amp. 

R * % oq  ohms 
E - 3:62  x s. OS 
E - 11.04  volts. 

5.  Total  voltage  drop  In  riser  anode  circuit. 

E<T  « .116  + .04  + 11.04 
E-p  « 11.20  volts. 

(u)  Riser  anode  circuit  variable  resistor. 

Criteria  for  variable  resistor  are  the  same 
a3  given  for  stub  anode  resistor. 

2.  Riser  anode  circuit  data. 

Rectifier  output,  80  volts 
Anode  current,  3.62  amp. 

Anode  resista  .ee  - 3.05  ♦ .032  ♦ .02  - 3.10  ohms 

3,.  Variable  resistor  rating. 

P = E/I 
where 


E = 80  volts 
I = 3.62/2  = 1.81  amp. 

R = 80/1.81 
R =44.2  ohms. 

Ohmic  value  of  resistor  = 

44.2  - 3.10  = 41.1  ohms. 

Wattage  rating  of  resistor  = 
(3.62)2  x 41.1  = 538.6  watts. 


1 in  1 rMtn.ii~i 
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The  Mtmt  commercially  available  resistor 
site  Met  log  the  above  requirements  is  a 
730-watt*  SO-ohm*  3. 87-amp.  resistor. 

This  rheostat  is  ten  inches  in  diene ter  and 
Three  inches  in  depth  and  fairly  expensive. 

This  rheostat  will  not  fit  into  most  recti- 
fier cases.  In  addition*  the  power  cons used 
by  the  rheostat  is  considerable.  This  power 
creats  substantial  heat  that  nay  damage  com- 
ponents within  the  rectifier  case  unless 
adequate  ventilation  is  provided.  The  pro- 
bleas  associated  with  using  a large  rheostat 
can  be  eliminated  by  using  a separate  recti- 
fier for  the  riser  anodes.  Although  initial 
cost  may  be  slightly  high*  power  savings  will 
be  substantial  and  damage  by  heat  will  be 
avoided. 

Sizing  rectifier  for  riser. 

1.  Requirements. 

DC  current  output  • 3.62  amp 
Anode  circuit  resistance  ■ 3.10  ohms. 

DC  voltage  required  ■ IR  • 3.62  x 3.10 
ER  - 11.22  volts. 

2.  Rectifier  rating.  Standard  ratings  for  a 
rectifier  in  this  size  class  is  IS  volt*  4 
amp. 

Rectifier  rating  for  bowl. 

\,  DC  side.  Voltage  output  as  previously  de- 
termined, 80  volts.  Current  rating  is  IS. 2 amp. 
The  nearest  commercially  available  rectifier 
meeting  the  above  requirements  is  a 80  volt, 

16  amp. 

Wire  sizes  and  types. 

All  positive  feeder  and  suspension  cables 
(rectifier  to  anodes)  shall  be  #2  AWG*  HMWPE 
insulated  copper  cable.  To  aboid  complication* 
the  negative  rectifier  cable  (rectifier  to 
structure)  shall  be  of  the  same  size  and  type 
(Figure  S8) . 

Discussion. 
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This  design  points  out  tho  disadvantages  of 
achieving  corrosion  control  through  cath- 
odic protection  without  tho  aid  of  a pro* 
tective  coating.  When  tho  interior  of  a 
tank  is  coated,  the  currant  requirement  is 
reduced  from  SO  to  80  percent.  On  large 
tanks  without  coating,  larger  site  and  more 
expensive  anodes,  wire  and  rectifier  units 
muat  he  used.  In  addition,  the  power  con- 
sumed by  the  uncoated  tank  is  fur  greater* 

These  additional  costs  will  usually  exceed 
the  cost  of  a quality  coating  systen  over 
a ten  year  period.  Corrosion  above  the 
water  line  of  a water  storage  tank  is  usu- 
ally severe  because  of  the  corrosive  nature 
of  condensation.  For  this  reason,  protective 
coatings  nust  be  used  above  the  water  line 
on  both  large  and  snail  water  storage  tanks 
to  mitigate  corrosion. 

For  further  assistance  and  guidance  in  the 
design  of  cathodic  protection  systens  for 
elevated  cold  water  storage  tanks,  see 
Figures  59  and  60. 

HSCBCI  was  selected  for  this  particular 
design  purely  for  illustrative  pruposes. 

It  does  not  nean  that  this  Material  is 
superior  to  other  types  of  anode  material. 

Other  acceptable  anode  materials  include 
aluminum  and  platinized  titanium. 

For  this  design,  silicon  cells  should  be 
specified  for  the  rectifier  protecting  the 
bowl  and  selenium  cells  should  be  specified 
for  the  rectifier  protecting  the  riser. 

Silicon  cells  operate  more  efficiently  at 
high  DC  output  voltages  than  selenium  cells 
do  but  require  elaborate  surge  and  overload 
protection.  This  protection  is  not  economical 
in  the  low  power  consuming  units.  A guide 
for  selection  of  rectifying  cells  is  as  follows 
Use  silicon  cells  for  single  phase  rectifiers 
operated  above  72  volts  DC  or  three  phase 
rectifiers  operated  above  90  volts  DC.  Use 
newer  non-aging  selenium  for  single  phase 
rectifiers  operated  below  72  volts  DC  or 
three  phase  rectifiers  operated  below  90 
volts  DC. 
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b.  Elmttd  Niter  Tank  (Where  Ic«  is  Expected) . 
lapmied  currant  cathodic  pro  tact  ion  is  designed  for  an 
elevated  water  tank  shown  in  Figure  61.  The  tank  is  already 
built*  and  current  requirement  tests  have  been  nade.  Anodes 
will  not  be  suspended  from  tank  roof  because  heavy  ice  (up  to 
2 feet  thick)  covers  the  water  surface  during  winter.  The 
weight  of  this  ice  coul<Lnot  be  tolerated  on  anode  cables , 
so  another  aethod  is  employed,  button  anodes  will  be  noun ted 
on  the  floor  of  the  tank  and  lightweight  platinised  titaaiua  . 
anodes  will  be  suspended  in  the  riser  froa  the  tank  bottom. 


1/2"  Bolt  and  Extra  Large 
Walter  (Goivoni^ed) 

Hand  Hole  Cover  Shell  be  Mode 
of  Seme  Gouge  Material  a Roof, 

Eerily  Removable  and 
Provided  with  Weatherproof 
Gadket 


Provide  6"  Diameter 
Hand  Hole  Accessible 
to  Anode  Hanger  and 
Finished  with  a Smooth 
Edge 


Tank  Roof 
Lock  Washer 

1-1/4“  x 1/2-  Galvanized 
Iren 

Swinp!hg-type  Insulating 
Clevis  and'in^s^ur 

Wire  Rope  Clip 

*2,  HMWPE  Cable 
HSCBCI  Anode 


Figure  59 

HAND  HOLE  AND  ANODE  SUSPENSION  DETAIL  FOR  ELEVATED  WATER  TANK 
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RISER  ANODE  SUSPENSION  DETAIL  FOR  ELEVATED  WATER  TANK 


(J) 


Design  Data 


Tank  height  (from  ground 

37 

ft. 

to  bottom  of  bowl 

Tank  diameter 

24 

ft. 

High  water  level  in  tank 

34.5 

ft. 

Overall  depth  of  tank 

34.5 

ft. 

Vertical  shel-1  height 

22.5 

ft. 

Riser  pipe  diameter 

4 

ft. 

Shape  of  tank  Semicircular  bottom 

All  internal  surfaces  uncoated 
Current  required  for 

protection  bowl  - 7.0  amperes 

riser  - 1.0  ampere 

Electrical  power  available  120/240  VAC 


single-phase 

(k ) Tank  is  subject  to  freezing 

(l)  Design  life  15  years 

(mV  Water  resistivity  4000  ohm-cm. 

(n)  Button  type  HSCBCI  anodes 
are  used  for  tank 

(o)  Riser  anodes  are  platinized  titanium  wire. 


142 


(2 ) Computations ; 

(a)  Minimum  weight  of  button  anode  material 
required  for  tank. 


YSI 


where 

Y - 15  yr. 

S « 1.0  lb/amp.-yr. 

I » 7.0  amp. 

E - 0.50 

W » 15  x 1.0  x 7.0 


W - 210  lb. 

(b)  Number  of  tank  anodes. 

Button  anodes  weigh  55  lb3. 


N * » 3.82  (use  4 anodes) 

(c)  Minimum  weight  of  riser  anode  material 
required  for  riser. 


W 


YSI 
= TT 


where 


Y * 15  yr.  _ 

S = 1.32  x 10~5  lb./amp-yr. 
I ss  1.0  amp.. 

E » 0.50 

w = 15  x 1.32  x 10-5  x l.o 
S35 

W = 3.96  x 10-'*  lb. 

(d)  Number  of  riser  anodes. 


Platinized  titanium  wire  0.1-in.  dia.,  3 ft. 
long,  with  .001-in.  thick  platinum  over 
titanium  will  be  used  for  each  anode.  The 
weight  of  platinum  on  each  anode  is 
8.8  x 10~5  lbs. 

N = 3 «.9§.  x_ AOT-f  - (use  5 anodes) 

8.8  x 10-5 
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(e)  Location  of  anodes  (Figure  62) 

Button  anodes  are  mountedi  on  base  of  tank 
at  a distance  of  1/4  the  tank  diameter 
(6  ft.)  from  the  center.  They  are  mounted 
on  metal  angles  and  plates  welded  to  the  tank 
bottom;  polyethylene  Insulation  is  required 
to  separate  anode  from  metal  mounting. 

Riser  anodes  are  suspended  in  the  center  of 
the  riser  pipe*  spliced  to  a No.  4 cable. 

The  top  anode  is  placed  1 ft*  from  the  tank 
base.  The  remaining  four  anodes  are  spaced 
at  4 ft.  intervals.. 

Each  button  anode  has  its  own  No.i  8,  7-strand! 
copper  cable  (HMWPE)  run  in  conduit  to  a re- 
sistor box  mounted  at  eye  level  on  a tank  leg, 

The  riser  anode’s  one  Ho.  4,  7-strand  cable 
is  run  in  conduit  to  the  resistor  box.  If 
required  to  obtain  proper  current  output,  a 
resistor  will  be  installed  In  the  riser  anode 
circuit  at  the  time  of  rectifier  sizing..  The 
rectifier  will  be  sized  once  the  anodes  are 
installed,  and  mounted  at  eye  level  adjacent 
to  the  resistor  box. 

c.  Aircraft  Multiple  Hydrant  Refueling  System. 

Galvanic  cathodic  protection  is  designed  for  a standard  air- 
craft hydrant  refueling  system  shown  in  Figure  63.  This 
design  Is  for  a system  not  yet  installed. 

(1)  Design  data. 

f. a)  Average  soil  resistivity,  5000  ohm-cm. 

(b)  Design  for  90#  coating  efficiency,  based  on 
experience . 

(cj  Design  for  15-yr.  life. 

(d)  Design  for  1 ma./sq.  ft.  of  bare  pipe  after 
polarization. 

( e ) Magnesium  packaged  type  anodes  will  be  used. 

(f ) System  Is  adequately  insulated  from  foreign 
structures. 

(g)  All  pipe  was  mill-coated  with  hot  applied 

coal-tar  enamel  and  wrapped-  with  asbestos 
felt.  Coating  was  tested  over  the  trench  for  j 

holidays,  and  defects  were  corrected.  Coat- 
ing is  assumed  better  than  99.5#  perfect  at  I 

installation.  - j 

(2)  Computations.  Refer  to  Figure  63  and 


4“  Coated  Hydront_ 
Lotarals 


Hydrant  Refueling 
Outlet* 


1 2"  Defuel ing  Header 


9-lb.  Fbckagad 
High-Currant 
Mognesium  Ano< 


. bjv  vytuvi 

Valve*  J / 

"*>&?/ 


\+-  180'—^ 


8“  Refueling  Header 
Pump  and  Control  House  - 


Header  t— — ■ y6"  Defuel  eng  Return 

House — — X ^ 10"  Supply  Line 

Figure  63 

GALVANIC  ANODE  CATHODIC  PROTECTION 
FOR  HYDRANT  REFUELING  SYSTEM 
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(a)  Toial  outside  area  of  POL  piping  serving  the 
hydrant  refueling  area. 

Pipe  Size  Pipe  Length  Pip-;  Area,  sq.ft./ft. 

in.  ft. (Table 

3 (defueling  2 x 293  * 586  586  x .916  * 538 

header ) 


6 (defueling 
return ) 


90  90  x 1.734  - 156 


8 (refueling  2 x 293  * 586  586  x 2.258  « 1,321 
header) 


10  (supply 
line) 


QO  90  x 2.82 


6 (hydrant 

laterals)  3 x 960  = 2880  2880  xl.734  = 4,991 
Total  area  of  i'OL  pipe  in  sq.  ft.  7,260 

(b)  Area  of  bare  pipe  based  on  90%  coating 
efficiency. 

A « 7260  x 0.1 
A 726  sq.ft. 

(c)  Maximum  current  required  based  on  1 ma./sq. 
ft.  of  bare  pipe. 

I = 1.0  x 726 
I * 726  ma.  or  0.73  amp. 

(d)  Minimum  weight  of  anode  material. 


where 


Y = 15  yrs. 

S = 8.8  Ib./amp.-yr,.- 
E * 0.50 
I 0.73  amp. 

V = 15  x 8.8  x 0.73 


VI  = 193  lb. 


I 

i 


r 


It  should  be  noted  that  the  193  lb.  arrived 
at  above  is  based  upon  an  output  current  of 
0.73  amp.  for  the  full  designed  life  of  the 
cathodic  protection  system,  15  years. 
Strictly  speaking,  this  is  not  the  case  be- 
cause the  current  outjkjt  following  a new 
installation  is  much  less  due,  to  the  high 
coating  efficiency.  The  average  current 
requirement  at  first  may  be  as,  low  as  0.015 
ma./sq.  ft.  of  pipe. 

(e)  Current  output  of  a single  9- lb.  packaged, 
“high  current'*  magnesium  anode. 


C « 120,000 
f * 0.71 
y * 1.00 
'f  m 5000  ohm- cm. 

i « 120,000  x 0.71  x 1.00 



i » 17.0  milliamperes 

Since  the  structure  is  well-coated,  the 
anode  spacing  is  relatively  great.  There- 
fore th,e  "Multiplying  Factor  for  Magnesium 
Anode  Groups"  is  not  used. 

(f )  Number  of  anodes  (n ) . 

n - I 

i 

where 

I « 726  milliamperes 
I = 17.0  milliamperes 


n - 42.7  (use  43  anodes), 

(g)  Anode  distribution. 

1_.  Area  of  pipe  protected  by  one  anode. 

A = 7260/43 
A = 169  sq.ft. 


i 

I 

i 


1 


i 

4 


V 


1 
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2.  Division  of  anodes 


Laterals 
Header 
Supply  and 
return  lines 


4991/109 

1859/169 


30  anodes 
11  anodes 


4lO/lo9  - 2 anode3 


d.  Steel  Gas  Main.  Impressed  current  cathodic  pro- 
tection is  designed  for  the  6-in.  welded  gas  main  shown  in 
Figure  64.  This  pipeline  is  not  constructed,  so  measure- 
ments may  not  bo  made. 

(1)  Design  data. 


a 

|- 

i 


(s) 

(h) 

(i) 

Jil 

y,vy 


Average  soil  resistivity,  2000  ohm-cm. 

Pipe  size,  6-in.  OD. 

Pipe  length,  6800  ft. 

Design  for  15-yr.  life. 

Design  for  2-ma. /sq.ft,  of  bare  pipe. 

Design  for  90#  coating  efficiency,  based  on 
experience. 

The  pipeline  will  be  isolated  from  the  pump- 
house with  an  insulating  Joint  on  the  main 
line  Inside  the  pumphouse. 

HSCBCI  anodes  will  be  used  with  carbonaceous 
backfill. 

The  pipe  is  coated  with  hot-applied  coal-tar 
enamel  and  holiday- checked  before  installa- 
tion. 

Anode  bed  shall  not  exceed  2 ohms. 

Electric  power  is  available  at  1-20/240 
volts,  single  phase,  from  a nearby  overhead 
distribution  system. 


(2)  Computations. 

(a)  Outside  area  of  gas  main. 

Pipe  size  - 6 in. 

Pipe  length  - 6800  ft. 

Pipe  area  - 6800  x 1.734  = 11,800  sq.ft. 

(b)  Area  of  bare  pipe  to  be  cathodlcally  pro- 
tected based  upon  90#  coating  efficiency. 

A = 11,800  x 0.1 
• A = 1180  sq.ft. 

(c)  Protective,'  current  required  based  upon  2 ma./ 
sq.ft,  of  bare  metal. 

I = Il80  x 2 

I = 2760  ma.  or  2.36  amp. 
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-1  ■ 


Above-Grade 

Tank 


Figure  64 

CATHODIC  ItOTECTION  SYSTEM  FO*  GAS  MAIN 


(d)  Ground  Bed  Design. 

1^  Anode  size.  2 in.  x to  in.  (backfilled 
~ 10  in.  x 84  in.),  spaced  20  feet  apart. 

2.  Resistance  of  a single  anoie  to  earth. 

Ry  * K 
where 


y = 2000  ohm- cm. 

L *70  l'fc 

K - O.OI89* (from  Table  7-24) 
Rv  - 2000  x .0189/7.0 
Ry  * 5.4  ohms. 


3..  Number  of  anodes  required.  It  was  stated 
in  the  design  data  that  the  anode  bed  re- 
sistance is  not  to  exceed  2 ohms.  Anode 
size  used  is  2-in  diam.  x 60  in.  long  with 
carbonaceous  backfill  having  over-all  di- 
mensions of  10-:tn.  diam.  x 84  in.  long  and 
spaced  20  ft.  apart. 


R - t-  Rv  + 


V*  P 


¥ 


where 


R « 2 ohms 
Ry  - 5.40  ohms 
ft  - 2000  ohm-cm. 

S = 20  ft. 

P,  a function  of  n (Table  25),  and  n, 
the  number  of  anodes,  will  be  determined 
by  trial  and  error. 

Rearranging  the  eauation  for  n, 

Rv 

" ft  - Wf  P)/G 

n = 5.40 

2 - (2000  P7/2U 

n = 5.40 

2 - 100  P 
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Try  n ■ 4 anodes. 


P - 


4 < 

Try  n 


.00283 

5.40 

a -'TO85 

5.40 

T77TT 

3.15  (close) 
■ 3 anodes. 


P - .00289 
^ l 5.40 
3 * 2 0.-2«9 


3 | 3.16 


This _ls  closest  possible.  In  order  to  keep 
total  resistance  below  2.0  ohms,  use  4 
anodes. 


.4.  Actual  resistance. 

R * 1/4(5.40)  + i°Q0.g(^’002ft3) 

R - 1.35  + 0.28 
R =«  I.63  < 2 ohms. 

:{f)  Total  Weight  of  anodes  for  ground  bed . 


!•  Weight  per  anode  unit,  60  lb. 
(size  1 in.  x 60  in.) 


2.  Total  weight  = 4 x 60  = 240  lb. 
(g)  Theoretical  life  of  anode  bed. 


W = YSI 

TT 


Rearranging  gives 

v — WE 
" ST 
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whore 


W 

S 

E 

I 

Y 


240  lb. 

1.6  lb./amp.-yr. 

0.50 

2.36  an®. 

r -27§6  " 50*9  ye^s. 


It  should  be  noted  the  expected  ground  bed 
life  greatly  exceeds  the  design  requirement 
of  15  years.  This  is  brought  about  by  the 
additional  anode  material  required  to  estab 
lish  a 2-ohm  ground  bed. 


(n)  Resistance  of  DC  circuit. 

1.  Groundbed-to-soil  resistance,  2.0  ohms  max. 

2.  Resistance  of  groundbed  feeder  conductor. 

“ (Length  500  ft.,  type  HKWPE,  size  #2  AWG) . 

Conductor  resistance 
0.159  ohm/1000  ft. 

R = 500/1000  x 0.159 
R = .07-9 

3.  Total  resistance  of  DC  circuity 

r o n j.  .07.0. o nft 

(i)  Rectifier  rating. 


1^.  Minimum  current  requirement,  2.36  amp. 
2.  Circuit  resistance,  2.08  ohms. 


3.  Voltage  rating. 


E = IR 


where 

I = 2.36  amp. 

R = 2.08  ohms 
E = 2.36  x 2.08 
E = 4.9  or  5.0  volts. 

To  allow  for  rectifier  aging,  film  forma- 
tions, and  seasonal  changes  in  the  soil 
resistivity,  it  is  considered  good  practice 
to  use  a multiplying  factor  of  1.5  to 

*54 


>4Vi  •MjGtSLli***.;**. 


, ....  ■■■•  ..  . H , 


establish  the  rectifier  voltage  rating. 

E » 5.0  x 1.5  » 8.0  volts. 

The  commercial  size  rectifier  meeting  the 
above  requirements  is  115-volt,  single 
phase,  selenium,  full  wave  bridge  type  unit 
having  a DC  output  of  8 amp.  and  8 volts. 

(y)  Rectifier  location.  Mount  rectifier  at  eye 
level  on  a separate  pole  adjacent  to  an  exist- 
ing overhead  electrical  distribution  system. 

e.  Heating  Distribution  System.  Impressed  current 
cathodic  protection  is  designed  for  a well-coated  buried 
heating  distribution  system  shown  in  Figure  65.  The  dis- 
tribution system  has  not  yet  been  installed,  so  current 
requirements,  etc.  can  not  be  made.  Rectifier  size  need  not 
be  calculated,  because  it  will  be  sized  in  the  field  after 
Installation  of  anodes. 

(1)  Design  data. 


\ 


(&)  Average  soil  resistivity,  1000  ohm-cm. 

(b)  Design  for  80#  coating  efficiency,  based  on 
experience. 

(c)  Design  for  4 ma. /sq.ft,  of  bare  metal  heating 
conduits. 

(d)  Groundbed  resistance  shall  not  exceed  1.5 
ohms. 

(e)  Graphite  anodes  will  be  installed  with 
carbonaceous  backfill. 

(?)  Design  for  15-yr.  life. 

(g)  Insulating  Joints  will  be  provided  on  both 
steam  and  condensate  lines  at  the  first 
flange  connection  inside  of  all  buildings. 

'(h-)  £-1-1  conduit  will  be  metallically  bonded  tor 

gether  in  each  manhole. 

(l).  All  conduit  is  precoated  at  the  factory  and 
at  no  time  is  it  holiday- checked. 

(J)  Single  phase  electric  power  is  available  at 
120/240  volts  from  administration  building.  . 

(2)  Computations. 

(a)  Total  outside  area  of  conduit.  Since  the 
gauge  of  the  metal  from  which  conduit  is 
fabricated  ranges  between  14  and  1,6,  the  out- 
side diameter  of  the  pipe  is  considered  to  be 
the  same  as  the  inside  diameter. 
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1.  Steam  conduit. 


Conduit  Size 
in. 

Conduit  Length 
ft. 

Conduit  Area 
sq,  ft./ 
lin.  ft. 

Area  of 
Conduit . 
sq.  ft. 

14 

1700 

3.66 

6,220 

12 

1125 

3.14 

3,540 

10 

1525 

2.62 

4,000 

Total  area 

of  steam  conduit 

13,760 

2.  Condensate  return  1 

conduit . 

Conduit  Area 

Area  of 

Conduit  Size 

Conduit  Length 

sq.  ft./ 

Conduit 

in. . 

ft. 

lin.  ft. 

sq.  ft. 

8 

1700 

2.1 

3,570 

6 

2650 

1.57 

4,160 

Total  area 

of  condensate  return  conduit 

7,730 

Total  outside  area  of  all 

conduit 

21,490 

(b)  Area  of  bare  pipe  to  be  cathodically 
protected  based  upon  80$  coating  efficiency. 

A » 21,490  x 0.2 
A,  = 4300  sq..  f-t-. 

(c)  Maximum  protective  current  required  based 
upon  4 ma. /sq.ft,  of  bare  metal, 

I = 4300  x 4 

I .=  17,200  ma.  or  17.2  amp. 

(d)  Maximum  weight  of  anode  material  for  15 
years  life. 


1.  Graphite  anodes  are  used. 


2,  Average  deterioration  rate  of  graphite  is 
2.0  lb./amp.-yr:. 


3.  Maximum  weight  of  anode  material  required. 


W 


_ YSI 

" ~T~ 
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where 


Y - 15  yr. 

S « 2,0  lb./amp.-yr. 

I « 17.2  amp.. 

E » 0.50 

w - 15  x 2.0  x 17  2 

• 

W « 1032  lb. 

(3)  Ground  bed  design. 

(a)  Anode  size,  3 in.  x 60  In.,  (backfilled  10" 
x 84")  weighing  25  lb.  per  anode  unit. 

(b)  Resistance  of  a single  anode  to  earth. 


where 

f = 1000  ohm- cm. 

L » 7.0  ft. 

K * 0.0189 

R„  = 1000  x .0189 

v TJT 

-Rv  =•  2.7-0  ohms 

(c)  Number  of  anodes  required. 

The  low  resistance  (2,70  ohms)  of  a single 
anode  and  the  large  weight  of  anode  material 
required  ( 1032  lb . ) for  a 15-year  life 
indicates  that  the  controlling  factor  is 
amount  of  anode  material,  not  groundbed  re- 
sistance. The  minimum  number  of  anodes 
required  is 

N = 1032/25  = 41.3  or  4l  anodes. 

These  are  arranged  in  a distributed  ground- 
bed  as  shown  in  Figure  65  based  on  the 
following  estimates. 

(d)  Anode  distribution. 

1.  Area  of  conduit  in  sections  1 through  60 
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Section 


Length  (ft.) 


Surface, Area  (sq.ft.) 


1 

2 

3 

4 


1700 

3560  + 6220  - 9780 

500 

780  + 1310  - 2090 

1125 

1770  + 3540  - 5310 

350 

550  + 920  - 1470 

400 

630  + 1050  - 1680 

275 

430  + 720  « 1150 

2.  Area  of  conduit  protected  by  one  anode. 

A « 21  480/41 
A * 524  sq.ft./anode 

3.  Division  of  anodes. 


Section  1 
Section  2 
Section  3 
Section  4 
Section  5 
Section  6 


9780/524 

2090/524 

5310/524 

1470/524 

1680/524 

1150/524 


« 19  anodes 
» 4 anodes 
a 10  anodes 
= 3 anodes 
a 3 anodes 
a 2 anodes 


(4)  Rectifier  Location.  Locate  rectifier  In  front 
of  administration  building  as  shown.  Rectifier 
will  be  sized  after  anodes  are  installed. 


f.  Gas  Distribution  System.  Galvanic  cathodic  pro- 
tection is  to  be  designed  for  a gas  distribution  system  in 
a housing  area  shown  in  Figure  66. 

(l)  Design  data. 

Ca)  Average  soil  resistivity,  4500  ohm-cm. 

(b)  Design  for  90#  coating  efficiency,  based 
on  experience. 

!c)  Design  for  15-yr.llfe. 
d)  Design  for  2 ma. /sq.ft,  of  bare  pipe 
e)  Packaged  type  magnesium  anodes  will  be 
used. 

(f)  Insulating  couplings  are  used  on  all 

service  taps.  The  mains  are  electrically 
isolated  from  all  other  metal  structures 
in  the  area. 

(g)  All  pipe  was  precoated  at  the  factory  and 
wrapped  with  asbestos  felt.  The  coating 
was  tested  over  the  trench  for  holidays 
and  defects  corrected.  The  boating  is 
considered  to  be  better  than  99.5#  perfect 
at  the  time  of  installation. 
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Pipe  Size 
in.  . 

Pipe  Length 
ft. 

Pipe  Area 
sq.  ft./ 
lin.  ft;  • 

Area  of  Pipe 
. sq.  ft,. 

3 

800 

0;9l6 

735 

2 

1600 

0.623 

1000 

1-1/2 

2400 

0.497 

1195 

1 

3600 

0.346 

1245 

3/4 

4500 

0.275 

1240 

Total 

area  of  pipe  in 

square  feet 

5415 

(b)  Area  of  bare  pipe  to  be  cathodically  pror 
tected  based  upon  90#  coating  efficiency.. 

A - 5415  x 0.1 
A « 542  sq.  ft. 

(c)  Maximum  protective  current  required  based 
upon  2 ma./sq.  ft.  of  bare  metal. 

I =t  2 x 542 

I = 1084  ma.  or  1.084  amp. 

(d)  Weight  of  anode  material  required  based  upon 
maximum  current  requirement  and  15-yr.  life.. 

w - YSI 

TT 

where 

Y = 15  years 
S =8.8  lb. /amp-year 
I = 1.084  amp. 

E = 0.50 

w _ 15  x 8.8  x 1.084- 
w - 

W = 286  lbs. 

It  should  be  noted  that  286  lb.  is  based  on 
an  output  current  of  0.85  amp.  for  the  full 
design  life  of  the  cathodic  protection  system, 
15  years.  Strictly  speaking,  this  is  not  the 
true  condition,  because  current  output  follow- 
ing a new  installation  Is  much  less  due  tp  the 
high  coating  efficiency.  The  average  current 
requirement  at  first  may  be  as  low  as  0.03 
ma. /sq.ft,  of  pipe  area. 
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( ) Current  output  of  a single  17-lb.  standard 
packaged  magnesium  anol-  to  ground. 

1 

where 

C » 120,000 

f - 1.00 

y « 1.00 

^ * 4500  ohm-cirt. 

1 - 120,000  x 1.00  x 1.00 

f 

i * 26.7  milliamperes 


Since  the  structure  is  well-coated,  the  anode 
spacing  is  relatively  great.  Therefore  the 
"Multiplying  Factor  for  Magnesium  Anod?  Croups" 
is  not  used. 


(f)  Number  of  anodes  (n). 


where 

I » 1084  milliamperes 
i * 26.7  milllamDeres 
n 1084 

2*7T 

n a 4o.6  (y.se  4l  anodes) 
(g)  Anode  distrioutiom 


1_.  Area  of  pipe  protected  by  one  anode. 

A a 5415/41 
A » 133  sq.ft. /anode 


Pipe  Size 
in. 


2.  Division  of  anodes. 


Pipe  Area 
sq.  ft. 


Pipe  Length 

1 Is  • 


Anode 

Number  of  Spacing 
Anodes  ft._. 


735  800 

1000  1600 

-1/2  1195  2400 

1245  3600 

A 12 Ao  4600 


6 

8 

9 

q 


135 

200 

270 

400 

500 


Total  number  of  anodes 


•’ll 





Black  Iron,  Hot  Water  Storage  Tank.  Impressed 
current  cathodic  protection  Is  designed  for  the  Interior  of 
a black  iron,  hot  water  storage  tank  shown  In  Figure  67. 


(1)  Design  data.. 


(a) 

b 

c 

'’d! 

(e) 

(f) 

(g) 
h 

i 


Tank  capacity,  1000  gal. 

-Tank  dimensions,  46-in.  dlaa.  by  12  ft.  long. 
Tank  Is  mounted  horizontal!^. 

Water  resistivity  Is  8600  m-cm.  with  a pH 

value  of  8.7. 

Tank  interior  surface  Is  bare  and  water  tem- 
perature Is  maintained  at  180*F. 

Design  for  maximum  current  density  of  5 
ma ./sq.ft. 

Design  life,  5 yr. 

Use  HSCBCI  anodes. 

Alternating  current  is  available  at  115  volts, 
single  phase. 


(2 ) Computations . 


(a)  Interior  area  of  tank.. 
A*p  « 2IV2  + w»dL 


where 


r « 1.92  ft. 
d . 3.83  ft. 

L - 12  ft.  . 

AT  » 2 x 3.1^16  x (: .92 r + 3.1416  x 3.83  x 12 
A»p  m l67.5  sq.  ft. 

(b)  Maximum  protective  current  required. 

I - 167.5  x 5 
I = 838  ma.  or  0.84  amp. 

(c)  Minimum  weight  of  anode  material  for  5-yr.  Ilf 
life. 

W . YSI 

TT" 

where 

Y = 5 yr. 

S = 1.0  lb./amp.-yr. 

I =0.84  amp. 

E = 0.50 

w _ 5 x 1.0  x 0.84 

U75® 

W = 8.4  lb. 
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figure  47 

CATHODIC  ItOICaiON  FOt  HACK  IKON,  HOIl  WATEft  STORAGE  TANK 


(d)  Humber  uf  anodes  required.  Anode  size  1-1/2 
in.  diam.  by  9 in.  long  weighing  4 lb.  eaeh 

is  selected  as  the  most  suitable  size  for  this 
application.  In  order  to  obtain  proper  cur- 
rent distribution,  three  anodes  are  required. 

(e)  Resistance  of  anodes. 

0.012f  I05  D/d 


8600  ohm- cm. 

3.83  ft. 

1-1/2  in.  or  0.125  ft. 

18  in.  or  1.5  ft. 

0.012  x 8600  log  3.83/0.125 


x log  30.7 


x 1.48? 


R » lQ?./5  ohms 

This  resistance  Must  be  corrected  by  the 
fringe  factor  since  they  are  short  anodes. 
The  fringe  factor  Is  0.48  from  curve  In 
Figure  5^  for  *n  ■ 9/1*5  * 6. 

R - 102.5  x 0.48 
R - 49.2  ohms. 


(f)  Rectifier  rating. 

1 . E - IR 

where  I » 0.84  amp. 

R - 49.2  ohms 

E « 0.84  x 49.2 

E - 41.3  volts 

2.  To  allow  for  rectifier  aging  and  film 

~ formation.  It  is  considered  good  practice 
to  use  a 1.5  multiplying  factor. 

E » 1,5  x 41.3  « 62.0  volts. 

J.  The  nearest  commercially  available  recti- 
fier size  meeting  the  above  requirements 
is  a 60- volt,  4-arap.,  single  phase  unit. 

(g.)  Rectifier  location.  Locate  the  rectifier  ad- 
jacent to  tank  for  the  follottfing  reasons: 

1.  Usually  cheaper  to  Install. 

2.  Easier  to  maintain. 

3.  Keeps  DC  voltage  drop  to  a minimum. 

(h)  DC  circuit  conductors. 

1.  External  to  tank:  use  #2,HMVJ?E. 


2.  Interior  of  tank:  use  #8,  HMWPE.  Mo 

stressing  or  bending  of  the  cable  should 
be  permitted. 


h.  ‘ Underground  Steel  Storage  Tank.  Galvanic  cathodic 
protection  is  designed  for  an  underground  steel  storage  tank 
shown  in  Figure  684  The  tank  is  already  installed  and 
current  requirements  tests  have  been  made. 
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(1)  Design  data. 


(a) 

(b) 


K 

(s) 


Tank  diameter 
Tank  length 

Design  for  80#  coating  efficiency, 
based  on  experience. 

Design  for  15-year  life. 

Current  requirements 

Packaged,  17-lb.  standard  magnesium 

anodes  will  be  used. 

The  tank  is  adequately  insulated 
from  foreign  structures. 


12  ft. 
40  ft. 

0.7  amp. 


(2)  Computations. 

(a)  Minimum  weight  of  anodes  required  for  tank. 

w 

where 

Y » 15  yr. 

S » 8.8  lb./amp.-yr. 

I = 0.7  amp. 

E = 0.50 

VJ  - 15  x 8.8  x 0.7 

575S 

v;  - 184.8  lb. 

(b)  Humber  of  magnesium  anodes 

N = = 10.8  (use  12  anodes  for 

symmetry). 

Anodes  are  placed  as  shown  in  Figure  68. 


Grade 


H 


\ 

17-ib.,  Mognosium  Anodes 


Section  A-A 

Figure  68 

GALVANIC  ANODE  CATHODIC  PROTECTION 
OF  UNDERGROUND  STEEL  STORAGE  TANK 
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9 CORROSION  COORDINATING  COMMITTEE  PARTICIPATION. 
Corrosion  coordinating  committees  have  been  organized  to  In- 
clude areas  of  concentrated  underground  structures.  Anyone 
designing  and/or  Installing  cathodic  protection  is  expected 
to  notify  the  committee  in  his  area  even  though  individual 
operating  companies  have  been  notified. 

Coordinating  committees  are  "clearinghouses"  of  information 
on  operating  cathodic  protection,  stray  currents,  and  gen- 
eral corrosion  problems.  Membership  is  representative  of 
all  interested  parties  owning  or  operating  underground  struc- 
tures. The  committees  have  no  authority  to  enforce  proced- 
ures or  regulations,  but  they  do  establish  notification  pro- 
cedures, assist  with  testing  schedules,  and  maintain  records 
of  conditions  in  their  areas.  Membership  is  voluntary  and 
usually  no  cost  is  Involved.  Regular  meetings  are  usually 
hell  three  or  four  times  per  year.  Some  committees  have 
monthly  meetings. 

Almost  every  metropolitan  area  of  the  United  States  and 
Canada  now  has  a Coordinating  Committee.  Some  of  these 
cover  entire  states,  or  sections  of  st  ates,  to  s.  i*  local 
needs.  Most  committees  are  affiliated  with  the  Nati'‘>val 
Association  of  Corrosion  Engineers.  A list  of  these,  in- 
cluding names  and  addresses  of  current  officers,  can  be  ob- 
tained from  NACE  Headquarters,  Houston. 

10  INSTALLATION  AND  CONSTRUCTION  PRACTICES. 

Corrosion  control  must  be  justifiable,  and  also  applied 
in  the  most  economic  manner.  When  all  factors  have  been 
analyzed,  total  money  to  be  spent  on  corrosion  control 
is  determined  and  broken  down  into  specific  allotments 
(coatings,  cathodic  protection,  etc.).  For  example, 
little  or  nothing  spent  on  coatings  will  mean  high 
protective  current  requirements  later  on,  if  cathodic  pro- 
tection is  to  be  used.  In  fact,  the  ratio  of  currant  re- 
quirements of  a bare  pipeline  to  those  of  a well-coated  one 
is  between  50  and  100  to  one.  Therefore,  she  corrosion 
engineer  should  be  as  much  concerned  with  coating,  insulat- 
ing joints,  casing  insulation,  and  test  stations  as  with, 
cathodic  protection. 

Foi  this  reason,  phases  of  both  structure  and  cathodic  pro- 
tection installation  are  discussed  here.  Operational  plan- 
ning of  construction  can  be  as  important  as  design  itself. 
Money  saved  through  concentration  on  details  of  construction 
practices  will  be  evident  in  initial  costs,  longer  life,  and 
lower  operating  costs. 

10,1  Coating  Applj  cation  ( Pipeline ) . One  area  of  great 
concern  to  the  corrosion  engineer  during  construction  is 
application  of  the  specified  protective  eoaiLnr.. 


In  many  instances  application  Is  as  or  more  important  than 
materials  used.  This  discussion  covers  important  consider- 
ations in  coating  application,,  with  the  emphasis  on  pipe- 
lines. Coating  application  for  other  buried  or  submerged 
structures  follows  similar  guidelines. 


When  discussing  coating  application,  it  ia  very  difficult 
to  generalise.  The  many  coating  materials  available 
require  a variety  of  application  specifications,  lot -applied 
tars  in  conjunction  with  fiberglass  and/or  asbestos  wrappers 
are  in  general  usabe  for  major  construction  projects 
where  pipelines  of  6"  and  larger  are  laid.  These  nay 
be  applied  in  the  nill,  yard,  or  oyer  the  ditch.  If  coal 
tar  is  used,  it  is  important  that  the  grade  of  this  mat- 
erial bast  suited  for  a particular  job  is  available  along 
with  its  compatible  primer.  As  soon  as  coating  material 
for  a project  begins  to  arrive,  this  should  be  verified 
since  it  is  still  not  too  late  to  make  adjustments. 


10.1.1  Over-the^-Dltch  Coating.  Although,  location  of 
coating  application  (stationary  plant  or  over-t he -ditch)  is 
generally  selected  long  before  equipment  is  assembled  for 
the  Job,  a sudden  change  in  weather  conditions,  right-of- 
way  location,  or  delay  in  starting  may  make  a change,  even 
at  this  late  date,  well  worth  consideration.  Over-the- 
ditch  application  Is  best  used  if  the  following  conditions 
prevail: 

a.  Long  sections  of  welded  pipe  (few  road  cross- 
ings and  foreign  line  crossings). 

b.  A reasonably  accessible,  level,  and  firm 
terrain  along  the  right-of-way. 

c.  Mild  weather  conditions. 

If  any  or  all  of  these  conditions  appear  to  place  satisfac- 
tory coating  performance  in  Jeopardy,  mill-coating  (usually 
performed  indoors  under  ideal  conditions)  or  yard-coating 
(performed  either  indoors  or  out)  should  be  considered. 

Structures  with  over-the-dltch  applied  coating  may  be 
lowered  into  the  ditch  directly  behind  the  coating  machine, 
or  "skidded  up"  until  the  enamel  has  hardened  and  been  elec- 
trically inspected.  This  decision  depends  upon: 

a.  Time  required  for  coating  material  to  "set  up", 
which  in  turn  depends  somewhat  upon  atmospheric  temperature. 

b.  Condition  of  ditch  (is  "cleaning  out" 
necessary?). 

c.  Type  holiday  detector  used. 

If  it  seems  practical  to  lower  directly  into  the  ditch,  the 
advantages  of  less  handling,  no  skid  marks  to  patch,  and  a 
better  chance  o.f  having  the  coating  Inspector  on  hand  to 
inspect  ditch  condition  are  worth  remembering. 


To  insure  coating  per- 
formance, it  is  important  to  electrically  Inspect  ("Jeep") 
every  length  of  coated  pipe  prior  to  backfilling.  All  holi- 
days and  breaks  detected  in  this  way  must  be  repaired,  by  a 
method  similar  to  field  application  of  coating.  The  effect- 
iveness of  a well-applied,  good-quality  coating  can  be 
greatly  hind  .red  by  damage  done  by  handling,  and  not  detect- 
ed and  repaired. 

10.1.2  Stationary  Plant  (Mill  or  YardfK  Pipe  coating 
application  at  a stationary  plant  (yard  or  mill)  is  good 
pr*actlce  when  over-the-ditch  coating  would  be  ruled  out  for 
reasons  mentioned,  where  pipe  size  is  prohibitive,  or  where 
a material  is  used  which  cannot  be  applied  in  the  field, 
such  as  asphalt  mastic,  special  weighted  coatings,  or  some 
epoxies. 

Several  additional  advantages  of  stationary  application  are: 

a.  Shot  or  grit  blast  machines  not  practical  for 
over-the-ditch  work  can  be  used  to  clean  pipe. 

b.  Closer  control  of  materials  and  equipment  is 

possible. 

c.  Final  inspection  is  easier  because  materials 

and  equipment  are  not  spread  over  several  miles  of  rlght- 
'f-way.  (However,  several  inspections  are  generally  re- 
quired: upon  coating  at  mill  (or  yard),  upon  unloading  at 

the  site,  and  over-the-ditch.) 

The  greatest  difficulty  with  yard-  or  mill-coated  pipe  lies 
with  inspection  of  field  patches.  This  includes  repair  of 
"skid  marks",  field  welds,  and  shipping  or  handling  damage. 
It  is  desirable  to  again  use  the  electric  holiday  detector 
after  pipe  has  been  welded  together  and  is  ready  to  "lower 
in".  However,  it  should  be  remembered  that  this  device  does 
not  always  indicate  coating  to  steel  surface  bond  trouble. 

Various  materials  and  "short-cut"  methods  are  available 
specifically  for  coating  field  loints.  It  is  important  to 
select  a material  compatible  with  (if  not  the  same  as)  the 
plant-applied  coating.  Of  course,  a dry,  clean  and/or 
primed  surface  is  needed,  as  with  any  coating  procedure. 

The  coating  inspector  should  not  depend  too  heavily  upon 
the  electric  holiday  defector.  In  addition,  visual  inspec- 
tion of  the  coating  material  as  it  flows,  occasional  bond 
checks,  continuous  observation  of  coating  thickness,  and  a 
view  of  lowering  in  operations  should  be  maintained  at  all 
times.  Also,  the  following  should  be  watched  as  carefully 
as  the  actual  coating  application:  cleaning  and  primiii,-, 


equipment  condition  and  cleanliness,  and  material  storage 
and  handling.  In  general,  any  material  haphazardly-applied 
will  give  poor  performance  while  even  a marginal  one  may 
serve  exceptionally  well  when  properly  used. 
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10.2  Casing  Installation. 

Although  casings  should  not  be  used  over  carrier  pipes , 
they  are  sometimes  required  by  codes,  laws,  or  physical 
conditions.  Where  casings  are  used,  they  should  be  un- 
coated,  and  casing  insulators,  cradles,  and  end  seals 
should  be  carefully  inspected  and  electrically 
tested. 


In  addition  to  problems  discussed  in  earlier  sections,  some 
precautions  which  inspectors  should  be  aware  of  and/or  could 
be  incorporated  in  the  contractor's  specifications  are  as 
follows : 

1.  Keep  casings,  bell  holes,  and  "false  ditch" 
pumped  out  until  carrier  pipe  has  been  installed  In  casing 
and  annular  space  is  sealed. 

2.  Be  sure  casing  has  been  "swabbed"  before  car- 
rier pipe  is  placed  inside  so  that  the  possibility  of  coat- 
ing damage  from  foreign  material  will  be  minimized. 

3.  As  a further  precaution  against  coating  damage, 
rock  shield  or  an  extra  thickness  of  coating  can  be  applied 
to  the  carrier  pipe  between,  spacers. 

4.  Casing  to  pipe  resistance  should  be  measured. 

(At  best  this  could  mean  observations  both  before  and  after 
"road  section"  is  tied  Into  line.  At  least  it  could  mean  a 
welding  generator  "test".) 


Needless  to  say,  it  is  advantageous  to  install  test  wires  on 
casing  and  adjacent  carrier  pipe  so  that  periodic  internal 
resistance  tests  can  be  made. 


10.3  Foreign  Pipeline  and  Drainage  Crossings.  It  is 
usually  standard'  practice  f'or  a newly  constructed  pipeline 
to  pass  under  an  older  structure  unless  the  latter  Is  unusu- 
ally deep.  This  is  of  some  advantage  to  the  party  laying 
the  new  line  in  that  maintenance  worl  on  the  old  line  will 
not  disturb  the  new  one  (coating  damage,  etc.).  However,  it 
is  probably  more  a matter  of  courtesy  because,  in  this  way, 
the  operator  there  first  has  the  easiest  access.  Although 
not  always  possible  in  the  more  congested  areas,  one  should 
strive  for  a structure-to-structure  clearance  of  from  18"  to 
2' . Contacts  between  two  structures  should  be  avoided  at 
almost  any  cost. 


When  a pipeline  or  other  construction  project  is  underway, 
it  is  good  practice;  to  contact  the  owner  of  any  structures 
which  will  be  crossed,  or  could  later  become  involved  in 
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mutual  corrosion  problems.  This  should  be  done  well  in  ad- 
vance of  the  time  work  forces  actually  arrive  at  the  area, 
so  that : 

1.  Arrangements  can  bo  made  to  install  test  leads 
on  the  lines. 

2.  Special  coating  applications,  to  increase  inter- 
nal resistance  between  structures,  can  to  planned. 

3.  A general  knowledge  of  any  special  problems 
peculiar  to  an  area  can  be  gained,  and  cooperative  solutions 
sought. 

Field  drainage  tile  is  a problem  in  some  sections  of  the 
iountry  - the  flatlands  of  the  Midwest,  etc.  The  usual 
method  of  replacing  displaced  sections  of  tile  across  a pipe- 
line ditch  employs  metal  "tile  supports".  Here  it  is  import- 
ant to  allow  clearance  between  these  supports  and  the  line, 
s > that  even  after  settling,,  contact  is  not  possible.  This 
usually  means  that  the  pipeline  ditch  be  deep  enough,  and 
that  inspectors  do  not  miss  any  drainage  lines.  While  the 
uitch  is  being  cut,  close  inspection  should  be  maintained, 
and  location  of  all  field  drainage  recorded  and  marked.  If 
some  lines  are  missed  completely,  it  may  be  necessary  to 
lower  long  sections  of  the  pipeline  later  on.  This  is  only 
another  opportunity  for  coating  damage.  If  it  is  not  pos- 
sible to  lower  the  line  because  of  other  obstructions, 

"catch  basins"  are  sometimes  build  around  pipelines.  This 
is  generally  undesirable  because  moisture,  silt,  etc.  can 
■asily  collect  here. 

10.4  Insulating  Joints.  Insulating  material  in  the 
form  of  gaskets,  sleeves,  washers,  special  threaded  coup- 
lings, unions,  etc.  is  available  for  almost  every  size 
and  type  pipe  connection  in  common  usage  today.  This 
discussion  will  be  limited  to  flange  type  joint.  However, 
regardless  of  what  type  is  needed  to  do  a particular  job, 
the  engineer  should  always  remember  that  his  installation 
is  most  satisfactory  when: 

1.  The  material  can  be  assembled  in  as  •foolproof 
a manner  as  possible. 

2.  It  is  assembled  so  that  suitable  tests  can  be 
made  to  ascertain  its  effectiveness. 

In  considering  the  flange  type  Insulating  joint,  three  sug- 
gestions to  help  achieve  the  above  are: 

1.  Assemble  the  pair  of  flanges  with  insulating 
material  inserted  before 'welding  either  info  the  pipeline. 

(A "short  "spool'1  can  be  welded  to  each  flange.)  This  mini- 
mizes  the  change  of  damaging  insulating  material  by  prying 
or  driving  flange  components  together.  It  also  lessens  the 
chance  of  dirt  or  moisture  damage  since  in-shop  assembly  is 
possible.  At  the  same  time,  it  is  possible  to  ',et  a positive 
test  across  the  in  mil  at  i.ng  joint  whif  ii  is  eompl.-i  >'1v  Insu- 
lated1 from  ground . (Ken  Lstarwc  sh*»-iM  b<  inf'M't’  , i"  jdnt 
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is  good.) 

2.  Use  Insulating  washers  oh  both  ends  of  studs, 
and  sleeves  which  cover  tne  studs  from  washer  to  washer. 

•rtiis  practice  makes  possible  a positive  test  or  resistance 
between  each  Individual  stud  and  its  flanks  after  the  insu- 
lating Joint  assembly  has  been  welded  into  the  pipeline. 

(It  must  always  be  assumed  that  internal  resistance  between 
two  sections  of  buried  pipe  is  extremely  low  compared  with 
infinitely  high  resistance  through  good  insulating,  material. ) 

Also,  with  this  type  assembly,  the  chances  of  a faulty  Joint 
when  it  is  impossible  or  impractical  to  test  are  lessened. 

3.  Box  coat  insulating  Joint  with  coating  material 
(2”minimum  flange  to  outer  edge  of. coating  thickness. ) This 
method'  or  coating  Is  somewhat  expensive.  However,  it  mini- 
mizes the  possibility  of  voids  between  flange  faces,  studs, 
etc. , and  is  fairly  good  insurance  the  the  assembly  bottom 
is  covered. 

t i 

-When  coating  insulating  Joints,  it  is  also  important  to  re-  • 

member  that  water,  mud,  dirt,  etc.  must  be  kept  away  from 
the  insulating  Joint  until  it  is  finally  coated.  If  the 
Joint  is  shop-assembled,  it  is  helpful  to  wrap  tape  around 
it  during  handling., 

One  number  12  test  lead  is  attached  to  the  line  on  each  side 
of  insulating  flanges;,  Two  number  4 leads  (one  on  each  side 
of  joint)  will  make  future  resistance  bonding  a simple 
matter,  and  make  it  possible  to  test  internal  resistance 
between  the  two  sections  of  line  without  inclusion  of  test 
lead  resistance. 

If  an  insulating'  Joint  is  installed  in  a bare  pipeline,  it  ; 

is  more  effective  when  the  pipe  on  each  side  of  It  is  coated. 

\ One  recommended  rule-of-thumb  for  this  is  100  pipe  diameters  ! 

1 on  each  side  of  the  joint. 

, When  Installing  insulating  joints.,  the  engineer  should 

; always  look  for  the  unexpected  which  will.1  render  the  entire 

installation  ineffective..  Scraps  of  mctal>  or  any  other 
t conductor,  can  provide  a short  circuit  across  the  flanges. 

Test  leads  connected  to  opposite,  sides  of  the  Joint  could  ! 

I be  in  contact.  If  the  joint  is  placed  in  the  yard  of  a ter-  * 

minal,  pump  station,  or  compressor  station,  a "bypass"  f 

\ - around  it  can  be  made  up  of  fences,  gauge  lines.,  conduit  .• 

I runs  , water  lines,  etc.’  It  is  somewhat  risky  -to  ins  call  and  « 

| rely  on  the  integrity  of  insulating  material  In  valve.  s 

| flanges,  When  .maintenance  crews  remove  valves  fer  repair,  1 

l I insulating  material  may  not  be  replaced  at  all  or  only  after 

i it  has  absorbed  moisture  or  become  damaged.  Also  the  com-  $ 

mon  pressure  -leakage  around  valves  may  be  somewhat  hazardous 
; in  the  presence  of  potential  gradient  across  an  insulating  ; 

\ : joint,  : 

» t 

l , ^ 
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When  insulating  material  is  installed  in  ring,  joint  flanges, 
foreign  Material  can  become  lodged  between  flange  faces  in 
the  space  between  insulating  ring  and  inside  pipe  wall. 

(It  is  conceivable  that  much  of  this  dirt,  etc.  is  forced 
into  the  space  during  scraper  runs.)  If  foreign  Material 
involved  is  conductive,  the  insulating  joint  will  become  in- 
effective. This  can  be  controlled  by  placing  a flat  gasket 
in  the  space  between  flanges. 

10.5  Test  Stations.  While  test  stations  connected  to  a 
pipeline  lor  future  use  in  electrical  measurements  Might 
be  considered  strictly  part  of  the  cathodic  protection  sys- 
tem, they  are  easily  installed  during  construction  of  the 
structure  to  be  protected.  Therefore,  their  installation 
shall  be  considered  a part  of  that  phase. 

Various  configurations  of  test  stations  can  be  installed^ 
Most  of  these  are  basically  test  leads  (usually  Ho.  12  insu- 
lated copper  wires)  thermit-welded  to  the  structure  and 
terminated  in  a junction  box  or  condulet  for  easy  access. 

In  some  cases.  No.  4 insulated  copper  cables  (for  future 
bonding)  are  included.  Wire  insulation  is  color  coded  to 
designate  its  position  on  the  structure. 


AJ.i  r.ouyn  tost  lead  locations  are  usually  selected  prior  to 
•tons  tract  ion  and  incorporated  in  structure  design,  it  is 
>rt.,n  o *essary  or  de  sirable  to  move  some  of  them,  or  to  add 
'linal  ones.  Selection  of  test  lead  locations  is  impor- 
v,  . Test  leads  should  always  be  installed  where  it  is 
r.  ' ■ Loaned  that  periodic  repetitive  struc,tur»e-to-eIectro- 
/olta  re  an  i/or  current  readings  v.'ill  be  taken.  This 
v^uld  be  necessary  in  detection  of  stray  current,  galvanic, 
-r  cathodic  interference  effects,  coat!*.,:  conductance  tests, 


and  cathodic  protection  effectiveness  tests.  Test  stations 
are  also  desirable  where  internal  resistance  tests  are  peri- 
odically required:  at  foreign  structure  crossings  or  proxi- 

mity points,  insulating  joints,  and  cased  sections  of  pipe- 
lines. Practical  considerations  for  positioning  test  leads 


1 nelude: 


1.  Possible  development  or  future  use  of  land. 

2.  Future  road  or  runway  construction  and  repair. 

3.  Convenience  and  accessibility. 


doll  test  stations  (test  access  holes)  contain  no  test  leads 
and  are  a means  of  contacting  the  electrolyte  through  black- 
top or  concrete  for  struct ure - 1 o - e 1 e c t r o 1 .v t e potential  meas- 
•irements.  They  must  be  installed  at  tlv  elevation  of  fln- 
pavement  In  the  area.  Care  must  be  taken  that  they 
„ u v not  Inadvertently  covered  over  durin-  pa  'Ing  oi*  eons.true- 
tlon  operations. 
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10.6  Cathodic.  Protection  Equipment . Installation  con- 
siderations Tor  magnesium  and  IftsOBCI  anode  systems  arc  r,lv<  i 
here. 


10.6.1  Rtgtioslum  Anodes.  Installation  of*  a 
anode  (Fiyutv  i>o)  usually  »*onsistK  of  placing  the*  anode 
vertically  In  an  angered  hole  (3  to  10  feet  from  the*  struc- 
ture to  be  protected )*  placing  the  anode  lead  wire  in  a 
trench,  and  connecting  wire  to  protected  structure.  The  top 
of  the  anode  must  be  at  least  3 feet  below  grade.  The  top 
also  must  be  at  least  as  deep  as  the  protected  structure,. 

Permission  to  install  magnesium  anodes  along  a pipeline 
right-of-way  (not  on  government  property)  is  most  often  coh- 
ered by  the  original  pipeline  easement. ’ However,  it  is  usu- 
ally advisable  to  contact  property  owners  before  beginning 
work,  and  to  exert  every  effort  toward  reduction^  of  property 
damages  which  must  always  be  paid,  (These  can  be  minimized 
through  use  of  hand  labor.) 

The  vertical  hole  in  which  a magnesium  anode  is  placed  will 
accommodate  most  of  the  common  size  packaged  units  if  It  is 
10"  in  diameter.  For  pipelines,  if  anodes  are  placed  on 
alternate  sides,  protective  current  distribution  over  the 
structure  surface  Is  generally  somewhat  improved  * and  mutual 
Interference  effects  minimized.  Occasionally,  a layer  cf 
solid  stone  will  be  encountered.  Here,  it  may  be  necessary 
to  place  anodes  horizontally  so  that  anode  bottom  is  at 
least  as  deep  as  structure  bottom  (Figure  70).  Anode-to- 
st ructure  separation  of  2 feet  is  recommended.  If  condit- 
ions along  the  right-of-way  obstruct  working  area  or  limit 
anode - tc-st rue ture  distance,  anodes  can  be  installed  horizon- 
tally (Figure  71)  under  the  pipe  (using  ah  "extra  deep" 
augered  hole  so  that  sufficient  anode- -to-rstruofcure  distance 
will  be  obtained)..  This  is  also- worth  consideration  when 
anodes  are  to  be  installed  on  pipelines  which-  are  likely  to 
be  "looped"  (possibility  of  construction  damage  will  be  re- 
duced).. An  added  bonus  here  is  the  more  permanent  moisture 
generally  found  at  the  greater  depth. 

Galvanic  anodes  protecting  underground  storage  tanks  are 
placed  In  augered  holes  about  5 feet  from  the  tank  surface, 
(Or  possibly  under  the  tank. ) Holes  should  be  approximately 
5 feet  deep. 

Each  anode  may  be  attached  to  the  protected  struct’- re  indi- 
vidually, or  several  anodes  may  be  connected  toybher  on  a 
header  wire  (usually  No.  10,-  sc-lid)  which  is  in  turn  con- 
nected back  to  the  pipe  through  a test  station.  If  a group 
is  connected  together,  the  number  of  pipe  connections  is  re- 
duced, and  sometimes  less  excavation  is  required.  Hov;-*-ver, 
any  accidental  bre^k  in  the  header  wire  disconnects  several 
anodes.  Chances  of  this  can  bo  reduced  if  he'  t-r  cables  are 
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VERTICAL  MAGNESIUM  ANOQE  INSTALLATION 


connected  in  at  both  ends  of  a pipeline,  tank,  etc.  This  is 
also  useful  for  stream  crossings  and  other  locations  where 
It  is  difficult  or  impractical  to  make  a connection  to  the 
structure,  even  though  usual  practice  may  be  the  direct  con- 
nection of  individual  anodes. 

Damage  to  the  cloth  bag  of  prepackaged  galvanic  anodes  re- 
sulting in  loss  of  backfill  will  seriously  reduce  the  effect- 
ive current  output.  Each  anode  should  be  centered  in  it3 
hole  as  it  is  being  backfilled  with  earth.  Pulling  on  anode 
leads  to  place  the  connection  with  the  anode  in  tension  can- 
not be  tolerated  as  it  may  damage  the  crucial  anode  lead 
connection.  Lowering  a packaged  anode  into  the  hole  by 
means  of  the  lead  wireis  also  potentially  damaging;  Anode 
leads  s.hould  not  contact  sharp  edges  of  tools  and  obStrdc- ‘ 
tions.. 

Backfilling  holes  for  anodes  is  done  with  fine  soil  free  of 
debris  such  as  stone,  brickbats,  etc.  (Sand  should  not  be 
used.  ) Work  must  be  done  carefully  to  a /oi  l injury  to 
anodes  and  cables.  Soil  is  moderately  compacted  in  six- inch 
layers  by  hand  to  the  top  of  the  holes.  Particular  care 
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WHERE  OBSTRUCTIONS  ARE  ENCOUNTERED 


mast  be  taken  in  placing  and  tamping  soil  around  anodes  to 
assure  complete  and  intimate  contact  free  from  voids  be- 
tween anodes  and  backfill. 

The  most  generally  used  method  of  connecting  anode  wires  -to 
steel  surfaces  is  the  thermit  weld.  It  Is  important  to  n:" 
a sleeve  of  the  correct  size  over  the  wire.  Figure  (2 
a cross-section  of  a thermit  mold  with  charge  in  place. 
Connections  should  be  coated.  Cold-applied  mastics  are 
often  used  for  this,  and  one  convenient  method  of  applicar 
tion  is  by  filling  paper  cups  with  coating  material,  and 
then  pressing  them  (inverted)  over  the  welds.  Molded  plas- 
tic shields  are  also  available  to,  cover  these  connee4:-l*>n:sr. 

When  splicing  anode  wires  together  of*  connecting  them  bo 
header  cables,  thermit  welds,  soldered  U-fcclts,  or  .ur-' *:•- 

slon  connectors  can  be  used'.  'Here,  the  connection  rouid  >:■ 
first  covered  with  electrical  putty,  then  plastic  tape,  and 
finally  sealing  compound. 


At  least  2%  of  «ay  galvanic  anod-  installation  ost  is  in 
ths  actual  bundling  of  Material,  and  earthwork.  This  mint 
be  carefully  planned,  ir  a lot  in  to  »*»  dona  *?iTi«lentlyf 
and  property  damages  kept  to  a m'.i.lmsn.  The  type  and  quan- 
tity of  neohanlsod  equipment,  and  amount  of  labor  best  used 
for  Installation  Is  determined  by  economics  of*  cost  vs. 
special  right-of-way  conditions  (accessibility,  etc.),  and 
property  owners'  or  base  personnel's  attitude  toward  a pro- 
ject. If  base  personnel  are.  In  general,  hostile  toward  *x- 
ca vat  Ion,  fence  outtlng  and  the  movement  of  heavy  m,Miantzod 
equipment  through  their  area  will  certainly  be  prohibited  or 
extremely  expensive.  Hand  labor.  In  conjunction  with  small 
portable  power  tools,  may  be  the  solution.  If  lawns  and 
cultivated  fields  cover  a large  percentage  of  the  work  area, 
the  same  is  true.  In  "open"  sections,  rugged  terrain  and 
soil  types  May  dictate  the  best  construction  practice.  It 
is  often  advantageous  to  wait  until  after  certain  ^roi>n  are 
harvested  before  Installing  anodes. 

Power-driven  earth  augers  vary  in  size  and  capacity  fi*0M 
snail  hand-carried , two-man-operated,  chain -saw-attachment 
type,  to  large,  six-wheel-drive,  truck-mounted  units.  The 
sans  is  true  for  ditching  Machines  and  backhoes.  However, 
there  is  seldom  need  for  larger  ditching  machines  unless 
special  Installation  procedures  are  required.  (Normally,  a 
"Jeep "-mounted  machine  is  large  enough  for  cable  trenching.) 
The  usual  backhoe  might  be  mounted  on  a "Jeep"  or  farm 
tractor.  If  this  equipment  is  to  be  used  only  occasionally;, 
leasing  what  is  needed  for  each  particular  Job  may  be  most 
economical. 

When  anode  holes  are  augered,  occasional  "caving  in"  and 
"quick  sand"  will  bo  encountered.  If  the  holes  arc  "cased”. 
Installation  can  be  accomplished  at  some  locations  whore  it 
would  otherwise  be  impossible.  In  other  instances,  greater 
depths  can  be  reached  and  the  material  positioned  better 
when  casing  is  used.  Common  stovepipe-  Is  readily  available 
and  reasonably  priced  for  this  use. 


Care  snould  be  taken  in  getting  anodes  and  connecting  wires 
to  a depth  below  possible  disturbance.  In  cultivated  land, 
this  will  normally  be  in  the  neighborhood  of.’  24"  minimum. 

In  some  instances,  it  is  most  economical  to  punch  or  auger 
a small  hole  through  the  section  of  earth  located  between 
the  bell  hole  and  the  augered  anode  hole. 

When  backfilling  packaged  galvanic  anodes,  it  is  good  prac- 
tice to  fill  the  fine  augered  "chips"  around  the  anode  it- 
self. This  should  lessen  the  chances  of  voids  around  it, 
and  therefore  give  faster  current  output  results.  When 
working  in  lawns,  water  added  as  the  soil  is  backfilled  and 
care  in  replacing  carefully  cut  sod,  will  minimise  damages. 
In  open  fields,  jnrtrmon  boards  or  tractor  blades  can  be  best. 
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for  backfilling,  if  the  work  is  done  by  hand,  soil  can  be 
•raked"  back  into  the  ditches  and  holes  with  potato  hoes. 

After  all  earthwork  has  been  coapleted,  and  one  or  two  soak- 
ing rains  ha ve  penetrated  the  ground  (several  weeks  later), 
the  backfill  • (round  all  trenches*  and  holes  should  b«  elotui*  *i 
up  and  leveled  off.  Since  this  is  actually  the  completion 
of  the  Job , it  Is  also  a good  tine  to  settle  any  outstanding 
damage  claims  property  owners  nay  have  submitted. 

Magnesium  anodes  are  available  In  almost  any  size  or  shape. 
Many  are  also  obtainable  in  the  packaged  form.  (A  complete 
unit,  ready  to  install  - with  lead  wire  attached  and  sur- 
rounded by  especially  prepared  backfill  material.)  Tti*  ad- 
vantages of  these  should  always  be  carefully  weighed  Hjtalns1 
any  special  size  anodes  which  might  require  field  assembly 
and/or  backfill.  Currently,  packaged  anodes  are  widely  used 
for  underground  applications. 

If  it  is  necessary  to  store  packaged  anodes  out  of  doo 
they  should  be  kept  skidded  up,  and  under  a waterproof  '*o vrr. 
When  unloaded,  they  should  be  piled  with  that  sld"  on  bottom 
which  had  been  on  top  during  shipment.  (This  helps  ke*p  fch** 
anode  centered  in  the  backfill  material.)  As  anodes  are 
hauled  out  to  the  right-of-way  and  "strung”,  they  should  b* 
kept  away  from  livestock.  (Farm  animals  will  tear  open  uh<- 
bags  and  eat  the  contents.  If  given  an  opportunity.)  When 
cloth  bags  containing  backfill  around  packaged  ancdc3  are 
broken,  and  this  material  lost,  pure  gypsum  which  is  famil- 
iarly known  to  the  building  trade  as  "moulding  plaster"  n'u. 
be  substituted  with  satisfactory  results. 

If  bare  magnesium  anodes  are  used,  a package,  or  contain*1  r 
for  backfill  material,  may  be  improvised.  However,  generally 
the  material  is  mixed  in  the  field  and  poured  into  the  hcl-  .• 
at  the  time  the  anodes  are  installed.  Standard  galvanic 
anode  backfill  containing  bentonite  and  gypsum  will  swell 
when  wet  and  shrink  when  dry,  thu3  reducing  anode  output  be- 
cause of  poor  soil  contact.  For  this  reason  packaged  anoj>  s 
and  anode  backfill  should  always  be  installed  dry  and  the 
soil  tamped  around  and  over  the  installed  anode  to  Insuv 
tight  contact  with  the  surrounding  soil. 

Magnesium  and  zinc  ribbon  is  usually  installed  without  back- 
fill. It  can  be  placed  In  a trench  or  "plowed  in"  and  con- 
nected to  the  structure  at  specified  intervals. 

It  should  bo  remembered  that  the  main  advantage  of  backfill 
around  a magnesium  anod*  is  the  gain  in  current  output,. 
Therefore,  in  the  lower  resistance  soils,  this  material  Is 
unnecessary.  Bare  anodes  of  some  forms  can  be  driven. 
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Also,  mag;  '1  sr.  Ir  • /ailable  In  the  form  of  rods  which  can 
be  welded  together.  Backfill  should  always  be  used  with 
nine. 


10.6.2  Impressed  Current  Instal \ at Ions , The  Installa- 
tion of  impressed  current  cathodic  pro"  Action  (using  recti- 
fiers) can  be  divided  Into  five  phases  hlch  .re: 

a.  Site  selection,  right-of-way  procurement,  and 
:wo,vi **'/  tion  with  power  companies. 

:>•  £i.rthwork  - Installing  groundb>  a , buried 
and  poles. 

c.  Underground  connections. 

d.  Mounting  and  connecting  rectifiers, 
o.  Clean-up  and  damage  settlement. 

•..'hen  considering  possible  rectifier  sites,  after  current  re-' 
wlrements  and  general  area  have  been  decided,  it  is  good 
r-r i -Mse  to  diligently  search  the  area  for  foreign  buried 
•l-ueum-s.  All  operators  of  buried  structures  should  also 
. ‘ contacted  to  bo  certain  that  none  arc  overlooked.  If  a 
•oocdlmtiug  lomifilttce  is  active,  any  proposal  3honld  be 
tlscussod  before  Its  members.  Preliminary  tests,  using  a- 
temporary  rroundbed,  to  determine  effects  on  other  burled 
structures  may  be  necessary.  Power  availability  must  be 
•■•pt  in  mind  at  all  times.  If  an  extension  to  existing  ser- 
. Ice  lines  is  necessary,  one  should  determine  whether  or  not 
.h-  pow«*r  company  will  pay  any  or  all  the  cost.  This  -may 
td.ata  deviation  from  optimum  location,  or  additional  expen- 
iLtu-e. 


\:h*-r  •>  tentative  cite  is  being  selected,  the  ease  of  seour- 
'nr  r:ght-of-way  should  receive  serious  consideration  before 
placing  the*  rectifier  on  a drawing.  It  Is  usually  easier  to 
obtain  a rroundbed  easement  along  a property  line  road,  or 
it;  a swampy  wasteland  than  In  the  center  of  a cultivated 
field.  Tracts  of  land  likely  to  be  subdivided  in  the  near 
future  should  be  given  special  so  . .'„•••  atlon  or  avoided  en- 
tirely . 

If  casements  arc  difficult  to  obtai1  a*  /or  soil  resistivity 
extremely  high,  a "deep  well"  type  roadbed  may  be  consid- 
ered. Distributed  groundbeds  have  beers  used  in  areas  where 
foreign  structures  are  numerous.  In  some  states,  it  is  nec- 
essary to  obtain  an  easement  from  both  'he  township  or 
county,  as  well  as  the  property  owner,  when  an  installation 
lies  within  the  bounds  of  a road  rLrht-of-way.  It  is  . :ood 
' <ba  to  hav» • drawl  igs  for  one  or  two  alternate  v~  ctlf  .*  in- 
stallation sites  available  for  eaoli  local  Ion.  The.-  un 
"hen  be  furnished  the.  right-of-way  agent  on  his  i’I-u  crip, 
possibly  cavlnr  him  several  repeat  rails. 


The  right-of-way 
"option"  basis. 


a,;  nt  can  first  purchu.  eas-rr.-.i.t  o:.  v. 
Th’s  can  be  ’done  b.,  ha”‘  i ’ t'-/-  prtn-.rt  • 
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a p;^  requisite* 


to  o^.  a retainer*  cf  one  cv  two  i:l!a  v 
1- ••:•-.  payment  Is  n&de,  the  easement  teccm::: 
he  meantime,  power  companies  can  bo  corn  u • 
tater.ents  of  service  availability  obtain.*.; 
to  the  "firming  up’*  of  easements. 


After  easements  have  been  purchased  and  arrangement:;  asiu  • 
:-.icn  power  companies,  earthwork  (usually  the  major  chore 
nested  with  impressed  current  installation)  can  begin. 
Here,  the  earthwork  phase  is  construed  as  installation  c:‘ 
grour.dbeds  complete-  with  all  burieu  connecting  cables. 


Typical  cylindrical  anodes  used  for  rectifier  grotmdbein  n>*  • 
lon;er  than  galvanic  anodes  and  therefore  require  deeper 
holes  (If  vertical)  or  longer  ones  (if  horizontal) • Also, 
more  ditching  for  connecting  cables  is  required.  Power 
augers  suitable  for  drilling  vertical  anode  holes  to  the  9* 
to  12*  depths  usually  required  are  sometimes  difficult  to 
locate.  Long-handled  hand  tools  such  as  post  hole  augers 
rich  pipe  extensions,  pole  line  digging  bars,  post  hole  dig- 
gers, spocn3,  spades,  and  wooden  tampers  are  useful  as  aux- 
iliary equipment  or  as  a means  of  doing  the  entire  ,1ofc  by 
by  hand. 

The  graphite  or  HSC3CI  ground  anodes  used  are  usually  sur- 
rounded by  carbonaceous  backfill  material.  When  these  an-u 
are  not  packaged  with  their  backfill,  one  construction  pro; - 
ler.  Is  getting  the  backfill  in  place.  This  material  can  b* 
tamped  in,  if  the  hole  is  dry.  A long-handled  wooden  fcas-v  * 
u.;ch  as  pole  line  crews  U3e,  Is  suitable  for  compact  in':  • 

fill  below  vertical  ano.u s.  If  large  diameter  holes  (12”  ’ . 
15')  are  augered,  this  tool  3c  also  suitable  for  tamp in  • 
around  the  anodes.  In  smaller  diameter  holes,  a 2”  pol<.  y*-i 
best.  If  augered  holes  are  water-filled,  it  is  he  Vi'  l 
tc  pump  them  out  before  installing  anodes.  However,  rat- 
he!-: s *3 he u Id  oe  allowed  to  '’settle”  overnight.  V.'her;  ' hi::.  * o 
done,  it  will  be  found  that  the  carbonaceous'  material 
tends  into  the  hole,  making  it  necessary  to  add  more. 
should  reduce  the  chances  of  backfill  voids,  which  cou3 :•  - 
suit  in  anode  failure.  The  backfill  should  be  filled  In 
above  the  anodes  to  within  a few  inches  of' grade,  unlc jn  t 
loose  material  such  as  gravel  can  be  placed  on  top  of  H. 
This  is. to  allow  for  venting.  Tt  is  a good  idea  to  t^nt 
samples  from  each  shipment  of  coke  breeze  backfill  for 
tivity,  particle  size,  and  ash  content. 

If  It  is  necessary  to  install  ground  anodes  in  a horizon;, 
position  because  of  special  soil  conditions,  a continuous 
ditch  can  be  cut.  This  can  then  be  filled  from  end  to.  end 
with  backfill  material,  with  the  anodes  centered  in  It. 

If  holes  are  difficult  to  auger  because  of  cavir>;-5:i  roil, 
stovepipe  casing  can  be  used.  KSCECI  anodes  are  also 
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sometimes  installed  without  backfill,  and  satisfactory  ser- 
vice is  reported.  These  can  be  ” Jetted”  in,  using  water 

pressure. 

"Deep  well”  type  groundbeds  require  well-drilling  equipment, 
and  special  procedures  for  positioning  anodes. 

HSCBCI  anodes  are  more  fragile  than  graphite  (at  least  par- 
tially due  to  the  fact  that  smaller  diameter  rods  are  often 
substituted  for  thicker  graphite  anodes).  Therefore,  they 
must  be  padded  when  hauled.  Coke  breeze  or  other  carbonac- 
eous backfill  material  is.  much  easier  to  use  when  packaged 
in  sacks.  Even  though  it  costs  more  when  purchased  this 
way,  savings  in  handling  labor,  waste,  and  special  equipment 
often  will  be  the  deciding  factor.  It  should  be  remembered, 
however,  that  sacks  (especially  burlap)  deteriorate  rapidly 
when  stored  with  coke  breeze  in  them.  Furthermore,  there 
seems  to  be  no  advantage  to  covering  this  material  If  it  is 
kept  outside,  but  "skidding  up”  is  advisable. 

All  buried  cables  and  connections  should  be  deep  enough  be- 
low ground  (usually  2*  minimum)  so  that  the  possibility  of 
damage  from  farming,  etc.  will  be  minimized.  It  Is  also 
necessary  to  exercise  extreme  caution  when  backfilling  In 
rocky  ground,  and  In  avoiding  damage  to  the  cables  with  tools 
and/or  machinery. 

Generally,  conne  ; cions  In  the  buried  wiring  of  a rectifier 
Installation  asu  be  made  at: 

1,  ixpeline  to  negative  return  lead. 

2.  Header  wire  to  each  Individual  anode  lead. 

3 Any  point-  where  cable  size  changes. 

As  previously  mentioned  In  the  magnesium  anode  discussion, 
cables  and  lead  wires  can  be  Joined  by  thermit  weld,  solder, 
U-bolt,  or  compression  connectors  although  thermit  weld  is 
preferred. 

Where  a pole-mounted  rectifier  Is  to  be  used.  It  is  usually 
economical  to  Install  the  rectifier  pole  and  the  pipeline 
negative  return  lead  at  the  3ame  time  the  other  earthwork  Is 
done.  A 25”  pole,  heavy  enough  to  support  the  size  recti- 
fier used,  is  usually  sufficient.  However,  more  height  will 
be  required  If  the  distance  to  the  closest  power  company 
pole  is  unusually  great.  This  should  be  determined  before 
beginning  construction,  so  that  pole  extensions  will  not  be 
necessary.  If  the  direction  from  which  service  drops  will 
come  is  known  at  that  time,  guy  anchors  and  cables  can  also 
be  Installed. 

a.  HSCBCI  Anodes. 

Cylindrical  HSCBCI  anodes  may  be  installed  horizontally  or 
vertically.  Type  ”K”  (Button)  anodes  are  bolted  to  the  pro- 
tected structure.  Groundbed  anodes  (burled  in  soil)  may  be 
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surrounded  by  either  carbonaceous  or  soil  backfill.  When 
. uckflll  is  used,  the  ditch  or  hole  is  first  excavated. 

7h - anodes  are  centered  in  the  excavation,  while  backfill 
is  •urefully  tamped  around  them.  In  sane  types  of  soil, 
str.-ii  as  swamp;/  aroas  and  quicksand,  it  may  not  be  possible 
5 o us--  carbonaceous  backfill.  Packaged  anodes  containing 
carbonaceous  backfill  icay  then  be  used  and  the  complete  pack- 
are  (mode  surrounded  by  backfill)  placed  in  an  excavation, 
bare  "duct"  or*  "sausage"  anodes  are  often  pulled  into  empty 
•able  auetc.  in  thi3  way,  they  are  in  position  to  supply 

■ J no'iic  prot -ction  to  buried  cable  sheaths  in  adjacent 
nets. 

iilCBCI  anodes  must  be  handled  with  care  because  they  are 
• remely  brittle.  They  must  not  be  thrown,  dropped  or 

• lied.  The  anode-to-cable  connection  is  critical.  Pulling 
. enod<  leads  to  place  this  connection  in  tension  cannot  be 

• ••  fac'  d.  Anode  leads  and  cnnecting  cables  cannot  be 
•/i lowed  to  contact  sharp  edges  of  tools  cr  obstructions. 

Ah,/  connections  or  seals  which  seem  to  be  damaged  should  not 
.,o  used  before  consulting  the  supplier. 

(1)  Vertical  Soil  Installations.  For  typical  in- 
stallation, a vertical  hole  10"  in  diameter  is  bored  into 
i he  soil.  For  6o"  anodes  this  should  be  at  least  nine  or 
vi  1‘cet  deep.  Backfill  (soil  or  carbonaceous  material)  is 

■ hen  carefully  placed  around  centered  anodes,  and  tamped  in 

■ 1 x-5  .n'\  layers.  This  material  can  be  filled  into  the  tops 
;f  i he  holes  if  right-of-way  conditions  permit.  If  not,  a 
!*•  v:  inches  of  top  soil  may  be  placed  over  anodes. 

Power  equipment  cr  hand  tools  can  be  used  to  auger  vertical 
anode  holes. 

A long-handled  wooden  tamper,  such  as  used  by  pole  line 
•news.  Is  suitable  for  compacting  fill  around  vertical 
anodes  if  holes  are  not  more  than  10’  to  12*  d*-ep.  In 
smaller  diameter  holes,  a 2"  pole  works  best  for  tamping. 

I!*  augered  holes  are  water-filled,  it  Is  helpful  to  pump 
• nom  out  before  installing  anodes.  However,  the  backfill 
\an  b“  mixed  into  a slurry  with  water  and  poured  in.  Wet 
holes  should  be  allowed  to  settle  overnight.  When  this  is 
t-,no,  tlf*  carbonaceous  material  (usually  coke)  descends  into 
the  hole,  making  it  necessary  to  add  more.  This  should  re- 
in, a-  the  possibility  of  backfill  voids.  It  is  good  practice 
to  test  samples  from  each  shipment  of  coke  breeze  backfill, 
in  be  cure  that  it  meets  specifications.  (Resistivity  can 
tested  in  a soil  box.) 

ii  hl/u-a-locity  waUr-Jetting  method  fo’*  introducing  anodes 
’ nto  the  ground  has  been  used.  This  method  is  most  adapt- 
tbl*.  to  sand  soil,  but  it  has  also  been  successfully  applied 
■•<>  rnn ‘h  mof'  compact  soli  contain  in.-  cla.,  an  i shale. 
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Typical  vertical  anode  Installation  in  soil  Is  shown  in 
Figure  73*  This  method,  using  unpmckaged  anodes,  is  pre- 
ferred for  most  installations.  However,  in  stumpy  areas  and 
quicksand  where  it  may  be  impossible  to  use  backfill,  pack- 
aged anodes  may  be  used  (Figure  7*0» 

(2)  Horizontal  Soil  Installations.  HSCBCI  anodes 
are  often  installed  horizontally  even  though  anode- to-noii 
resistance  is  somewhat  higher  In  this  position  (Figure  7'i). 
In  this  manner  they  can  be  placed  in  a low-resistance  soil, 
and/or  rock  formations  can  be  avoided.  Strings  of  "duct" 
anodes  can  be  placed  in  trenches  to  form  distributed  anode 
systems  when  ducts  are  not  available  for  them. 

If  horizontal  anodes  are  spaced  fairly  close  (approximately 
5*  to  10* ),  the  entire  trench  may  be  filled  with  carbonace- 
ous backfill.  When  trenching  for  distributed  anodes,  all 
connecting  cables  and  anodes  should  be  bur?  ed  at  least  two 
feet  below  grade  so  as  to  minimize  physict.l  damage.  Treated 
boards  or  concrete  slabs  are  sometimes  placed  over  cables 
for  further  protection.  Trenches  can  be  cut  somewhat  deeper 
at  anode  locations  to  allow  extra  space  for  carbonaceous 
backfill  (if  used). 

Horizontal  metal  pipes,  or  porous  tile  ducts  can  be  instal- 
led under  large  tank  bottoms  or  other  structures  placed  in 
contact ^with  soil.  This  Is  easiest  to  do  during  construct- 
ion of  the  structure.  Then  anodes  can  be  pulled  throu  ;h  at 
any  time  in  the  future. 


Backfill  (soil  or  carbonaceous  material)  should  be  careful L.v  .. 

tamped  around  anodes.  If  soil  Is  used,  every  effort  should  ; 1 

be  made  to  obtain  a low-resistivity  grade  of  uniform  quality.  i 

(3)  Deep  Anode  Installation.  Anodes  which  are  i 

placed  fifty  feet  or  deeper  below  the  earth's  surface  are  ■ ; 

commonly  called  "Deep  groundbeds".  A complete  deep  anode  j ■ 

installation  can  be  made  on  a plot  of  ground  no  larger  than  j \ 

five  feet  square.  For  typical  installation,  see  Figures  j i 

76  and  77.  j 


A six-inch  hole  is  recommended,  and  either  rotary  or  cable 
tool  drilling  rig  may  be  used.  Drilling  with  a cable  too] 
usually  takes  longer  than  the  rotary  drill.  However,  the 
rotary  drill,  with  the  drilling  mud  used,  usually  results 
in  a cleaner  and  drier  hole.  The  more  available  and  econom- 
ical means  should  be  selected,  however.  Because  deep  vie  11 
groundbeds  are  usually  less  than  300  feet  deep,  most  local 
water  well  drillers  are  capable  of  drilling  the  well. 

A dry  hole  is  not  needed,  so  no  more  casing  than  absolutely 
necessary  to  prevent  caving  during  installation  should  be 
used.  Deep  metal  casings  will  transmit  protective  current 
to  the  surface.  The  resultant  surface  discharge  will  null- 
ify many  advantages  of  the  deep  well  groundbed.  If  it  is 
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Grade ^ Concrete  or  Soil- 


necessary  to  extend  the  casing  beyond  fifty  feet  below  the 
surface,  every  effort  should  be  made  to  pull  at  least  the 
top  fifty  feet  of  the  casing  out.  if  this  is  not  possible, 
the  casing  above  the  anode  string  can  be  coated  to  reduce 
current  discharge.  Plastic  casing  can  also  be  used  for  this 
upper  portion.  Finally,  prior  to  the  installation  of  the 
anodes,  the  casing  uv'.n  be  separated  at  the  fifty-foot  level 
with  casing  cutters  or  dynamite.  When  the  well  is  ready, 
the  drilling  rig  is  used  to  lower  in  the  anode  string. 

Type  M HSCBCI  anode,  2"  x 60M  with  enlarged  heads  and  epoxy 
cap,  is  most  suitable  for  deep  groundbeds.  Because  of  the 
inaccessibility  of  the  anodes,  individual  anode  leads  should 
extend  to  the  surface.  Thus,  difficulty  with  one  lead  or 
anode  connection  would  not  lead  to  failure  of  the  entire 
groundbed.  When  more  .than  ten  anodes  are  used,  the  wire 
bundle  becomes  rather  bulky.  In  this  case,  not  more  than 
two  anodes  may  be  spliced  to  a single  header.  To  reduce  the 
number  of  wires,  No-.  8,  stranded  copper  wire  with  HMWPE  irisu- 
lation  is  suggested. 

Anodes  should  not  be  suspended  from  lead  wires  as  prolonged 
stress  may  lead  to  difficulties.  Instead,  anodes  should  be 
fastened  to  a 1"  support  pipe  as  shown  in  Figure  77  using 
steel  banding  or  large  hose  clamps..  Not  more  than  three 
anodes  should  be  attached  to  each  section  of  support  pipe. 
Sections  are  Joined  together  with  pipe  unions. 

Gases  liberated  by  electrolysis  of  the  electrolyte  in  the 
groundbed  should  be  vented.  They  form  an  insulating  barrier 
and  decrease  anode  current  output.  Gas  blocking  results  in 
a gradually  increasing  resistance  that  eventually  can  cause 
the  groundbed  to  become  ineffective. 

One  or  more  plastic  vent  pipes  from  the  bottom  anode  to  the 
surface  will  aid  in  dissipating  gases  to  the  atmosphere.  A 
combined  vent  and  support  pipe  system  is  shown  in  Figures 
76  and  77.  This  method  of  support  is  only  temporary  in 
nature  (the  metal  section  will  corrode)  and  therefore  <*an  be 
used  only  with  backfill.  For  a permanent  type  support- vent 
pipe  system  that  can  be  used  in  backfill  or  water-filled 
deep  groundbeds,  the  total  system  of  brackets  and  pipe 
should  be  made  of  plastic. 

Before  lowering  anodes,  the  well  should  bo  bailed  as  dry  as 
possible  to  facilitate  backfilling.  Anode  sections  ar*  low- 
ered in  one  at  a time.  Anodes  must  be  lined  up  when  s 'Ctiorr 
are  Joined,  Wires  and  the  plastic  tubing  should  be  taped  to 
each  succeeding  section  to  prevent  fouling.  Plastic  tubinr 
must  not  become  bent  or  kinked.  When  the  last  anode  section 
is  ready  for  lowering,  wires  and  tubing  should  bo  bundled 
and  bound  with  tape  at  five-foot  intervals.-  The  completes 
anode  string-  is  then  lowered* down  the  well  by  one  of  two 
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methods. 

1.  Joints  or  1*'  pipe  are  attached  to  the  string 
and  the  entire  assembly  lowered.  After  the  string  lias 
reached  bottom,  the  lowering  pipe  is  removed  joint  by  Joint. 

To  Insure  removal  of  the  lowering  pipe  from  the  anode  string, 
the  connection  should  be  made  with  a left-hand  thread  or  a 
hand-tight  rlght?hand  thread. 

2\  it  is  also  possible  to  attach  a pulley  to  the 
top  of  the  anode  string  and  lower  the  string  with  the  dril- 
ler’s boiler  cable.  Clothesline  is  then  attached  to  the  end 
f the  cable  > and  tho  cable  retrieved.  The  lowering  pipe, 
howev  *r,  makes  It  possible  to  turn  or  manipulate  the  anode 

• tain  :,  should  It  become  fouled  on  the  way  down. 

CiCkfilllhg  is  recommended  to  lower  anode  to  ground  resls- 

• A slurry  of  flake  graphite  has  proven  the  most  work- 
:J  1 . Water  in  the  hole  will  not  affect  backfilling  because 

• vuphile  will  settle  through  the  water  and  surround  the 
coirs.  About  a cup  of  liquid  household  tetergent  should  be 

mixed  with  the  slurry  to  Increase  the  wetting  action.  If 
backfill  is  mixed  in  a slightly  elevated  tank,  it  may  easily 
be  piped  into  the  top  of  tho  hole. 

?iie  Well  head  nu?y  terminate  above  or  below  ground.  For  above 
’round  termination,  four  feet  of  casing  should  protrude  above 
1 i» • surface.  A vented  cap  should  be  screwed  onto  the  top  of 
•» : i*.  '*a;’lng,  for  access.  Anode  leads  should  terminate  in  a 

• <-  I;  the  top  of  the  well  head.  For  below  ground  termina- 
tion, place  a steel  cap  over  the  well  to  prevent  earth  settl- 
l,i  >•  aoove  it.  Anode  leads  should  be  run  through  an  under- 

. round  conduit  to  a terminal  box  at  some  convenient  location. 

Install  the  rectifier  as  close  as  possible  to  the  well  head. 
Often,  utility  pole  -.m  be  located  next  to  it;  if  necessary, 
tnc-  rectifier  can  be  installed  on  tho  well  head  itself.  An 
insulated  copper  cable  is  then  run  from  the  positive  terminal 
<;■“  the  rectifier  to  the  anode  lead  terminal  box-. 

(4)  Marine,  Water  Tank,  and  Process  Equipment 
Installation.  In  most  marine,  water  tank  and  process  equip- 
n.  .it  installations,  HSCBCI  anodes  are  suspended  in  the  solu- 
tion at  some  distance  from  the  cathodi^ally  protected  struc- 
ture. However,  button  anodes  are  bolted  onto  the  plates  of 
m-'-tal.  Here  it  is  necessary  to  apply  coating  and/or  a dielec- 
’•eic  pad  between  anode  and  structure  metal. 

Suspended  anodes  should  never  be  supported  by  connecting 
cables;  a nylon  rope  or  net  bar,  is  suggested. 

b.  Cables.  Every  effort  must  be  made  tc  avoid  damage 
U-  cable  insulation.  Small  breaks  will  result  In  early  fail- 
ure when  positive  cable  is  suspended  or  buried  in  electro- 
lyte. When  cables  arc*  placed  in  trenches,  sand  or  soft 
earth  padding  should  be  provided  to  minimize  the  chance  of 
insulation  damage  by  rocks  and/or  oth-.  r > oris . 
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Burled  cables  and  connections  must  be  placed  deep  enough 
below  grade  so  that  the  possibility  of  damage  from  construc- 
tion, fanning,  etc.,  will  be  minimized.  Two  feet  is  usually 
satisfactory.  Further  protection  from  physical  damage  to 
buried  cables  can  be  provided  by  placing  treated  boards  or 
concrete  slabs  over  and/or  around  then. 

Insulated  cables,  suspended  m water  or  chemicals,  must  he 
provided  with  brackets  to  prevent  wear  failure  of  insula- 
tion due  to  movement.  Ifcey  wust  "*  e securely  fastened  in 
turbulent  areas,  and  kept  out  of  a low  streams  where  trash 

* could  foul  them. 

c«  Rectifiers.  Rectifiers  can  be  attached  to  poles 
with  througi  bolts  for  large  units,  and  lag  screws  for 

4 smaller  ones.  Units  must  be  installed  to  standards  of 

loeal  power  companies  and/or  electrical  inspectors.  It  in 
best  to  get  information  on  this  before  beginning  to  wire  up 
a unit.  Meter  sockets  are  usually  furnished  by  the  power 
company,  but  must  be  wired  in.  by  the  electrician  connecting 
the  rectifier.  Sometimes  the  power  company  wires  down  the 
pole  to  the  meter  socket,  and  in  other  cases  to  the  top  of 
the  pole  only.  In  some  localities,  all  wiring  must  be  con- 
tained in  conduit,  while  exposed  wiring  is  permissible  in 
others*  The  following  are  advantages  to  using  conduit  whi  th 
point  toward  long  life  and  trouble-free  operation: 

(1)  Possibility  of  damage  from  vandalism  or  animals 
minimized. 

(2)  Safety  - reduces  the  changes  of  children  beln»' 
hurt  when  tampering  with  exposed  wires,  and  provides  con- 
nection to  ground  for  switch  boxes,  meter  case,  and  recti- 
fier case. 

(3)  Reduced  possibility  of  weathering  damage  to 
cable  insulation. 

'‘Light  wall”  conduit  is  easy  to  bend  in  the  field  and  i*l/e: 
satisfactory  service.  A separated  fused  switch  at  tlv*  A.C. 
inlet  side  of  the  rectifier  should  also  be  included,  for 
additional  overload  and  fault  protection.  (See  Figure  78, 
showing  rectifier,  fused  switch  and  electric  meter. ) 

When  installation  work  has  been  completed  at  a rectifier 
site,  it  is  important  to  thoroughly  clean  up  the  area. 

• Trash  must  be  removed,  backfill  smoothed  up,  loose  stone 
removed,  etc.  It  is  good  practice  to  ’’mound  up”  loose 
backfill  soil  over  trenches.  If  it  has  not  been  tamped. 

Most  of  the  fill  will  then  settle  back  down  into  the.  ditch. 
It  is  helpful  to  contact  property  owners  upon  completion, 
to  be  certain  they  are  satisfied  with  the  appearance  of  the 
Job.  Final  clean-up  will  be  necessary  after  the  soil  has 
settled.  Any  damage  claims  should  also  be  paid  at  the  same 
time. 
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Schedulin'  rectifier  Installation  is  important,  especially 
where  lar?o  numbers  of  rectifiers  are  involved.  Whcr  pole- 
r.cuntei  unite  are  .iced,  as  soon  as  possible  after  final 
easement  payments  have  been  made,  a crew  of  three  to  four 
men  sets  out  to  install  rectifier  poles  and  negative  return 
leads.  This  has  the  dual  advantage  of  beginning  work  on 
the  property  owners1  land  while  their  agreement  and  reim- 
bursement- is  still  fresh  in  mind,  and  al3o  pinpointing  tht- 
location  for  power  company  personnel  so  that  they  may 
promptly  proceed  with  any  necessary  or  unforeseen  problems. 

After  poles  have  been  set,  the  same  crew  now  strengthened 
by  additional  manpower,  tools,  and/or  other  equipment  may 
begin  installation  of  groundbedc  with  their  associated 
cables  and  connections..  One  crew  should  be  able  to  com- 
plete a 25  to  35  anode  grguhdbcd  in  a working  day.  Upon 
completion  of  groundbods,  a test  of  pipc-to-groundbed  ropier 
tance  will  make  it  possible  to  3lze  rectifiers  and  have 
them  shipped  promptly.  At  this  time,  power  companies  can 
also  be  given  a reasonably  accurate  estimate  of  the  electri- 
cal load. 

Upon  receipt  of  rectifier  units,  a crew  of  two  or  three  men 
can  mount  and  connect  rectifiers.  If  large  rectifier  units 
are  being  used,  it  rhay  be  best  to  divide  this  work  between 
two  groups  of  people  - one  of  which  simply  hangs  units  on 
the  pole's,  while  the  other  actually  does  the  electrical 
work. 

Typical  installations  are  shown  in  Figures  79  and  80. 

Pole-! <.  .'1  rectifiers  are  also  typlca3  of  those  mounted 
on  bull.  £ walls.  In  less  stable  areas  and/or  for  extreme- 
ly he*.  • units,,  floor-mounted  (or  slab-mounted)  rectifiers 
may  be  used.  A diagram  of  a mounting  slab  is  given  in 
Figure  81. 

10.7  Bonds  Between  Structures.  In  almost  any  cat ho  *ic 
protection  system.  It  Is  necessary  to  make  conne  ;tions  be- 
tween isolated  structures.  These  may  be: 

1.  Sections  of  line  separated  by  insulating  Joints. 

2.  Completely  separate  piping  systems. 

3.  Separate  pipelines,  or  piping  systems,  connected 
to  a common  cathodic  protection  unit. 

The  basic  components  of  such  bonds  should  be: 

1.  Cables  from  structures  involved. 

2.  Resistor  for  the  control  of  current  flow  (if 
cables  have  a lower  resistance  value  than  that  required  for 
current  drainage). 

3.  Calibrated  shunt,  ammeter,  or  other  current  flow 
measuring  device. 
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When  installing  bonds.  It  is  advantageous  to  use  cables 
heavier  than  the  number  10  through  14  commonly  employed  as 
test  leads,  even  though  resistance  or  current-carrying 
capacity  may  hot  be  critical.  This  is  because  larger  size 
cables  are  less  susceptible  to  physical  damage  during  exca- 
vation and  other*  routing  maintenance.  Also,,  they  are  usu- 
ally very  important  factors  in  maintaining  protective  poten- 
tials, while  at  the  same  time  nbt  numerous  enough  to  notic- 
ably  affect  installation  costs.  No.  4 cables  are  recom- 
mended for  military  use.  Bonding  cables  should  always  be 
marked  immediately,  as  they  are  installed,  to  avoid  confu- 
sion and  unnecessary  testing  later  on.  This 

can  be  done  by  color  coding,  metal  tags  attached  to  the 
wires,  marks  on  the  test  box  panel,  or  combinations  of  these. 

Components  of  a bond  test  station  are  generally  installed 
in  a weathertight,  galvanized  box  mounted  conveniently  above- 
ground (with  joint  lock,  if  required).  This  may  be  bail- 
or pole-mounted  as  with  a rectifier.  Typically,  a 4"  cedar* 
post  6 feet  long  (2  feet  below  grade,  4 feet  above)  is  used 
for  a mounting  pole  where  no  convenient  wall,  fence  post, 
etc.  is  available.  This  provides  relatively  convenient 
access,  when,  required.  Where  such  a bond  station  is  imprac- 
tical or  not  allowed,  such  as  in  a farmer's  field,  the  bond 
test  components  can  be  installed  in  a curb  box  buried  18" 
below  grade.  This  provides  limited  access,  since  it  must 
be  located  and  dug  up  whenever  testing  is  required.  • 

11  MAINTENANCE.  All  corrosion  control  systems  must  be 
maintained.  This  established  dost  goes  with  them  and  should 
be  accepted  as  such.  If  maintenance  is  neglected,  the  use- 
fulness of  any  corrosion  control  system  will  soon  end. 

Part  of  maintenance  Is  replacement  and  repair  of  coatings, 
electrical  components,  anodes,  chemical  feeders,  etc. 

In  corrosion  prevention,  another  facet  of  maintenance  must 
be  considered.  This  is  the  fact  that  the  corrosion  environ- 
ment of  most  facilities  changes  over  the  years,  generally 
slowly  but  occasionally  radically  and  rapidly.  Factor:; 
which  commonly  change  are  addition  of  new  structures,  alter- 
ation of  existing  ones,  and  chemical  composition  of  the 
electrolyte. 

Maintenance  Is  especially  important  in  cathodic  protection 
systems.  These  electrical  systems  require  the  same  care 
as  any  other  electrical  installation.  Their  effectiveness 
is  especially  responsive  to  alterations  or  additions  to 
structures  in  the  area.  These  structures  may  shield  or 
channel  protective  current  flow. 
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A guide  f6<*  maintaining  cathodic  protection  systems  is 
AFM  85-5  - "Maintenance  and  Operation  of  Cathodic  Protection 
Systems"  (1  November  1965)..  An  effective  maintenance  sched- 
ule should  bo  established  for  aid  cathodic  protection  instal- 
lations, based  on  this  manual.  A recommended  schedule, 
after  the  initial  installation  checks,  and  six-month  inspec- 
tions, is: 

1.  Keep  a record  of  all  rectifier  outputs 
(volts,  amperes)  monthly,  and  report  any  varia- 
tions because  these  may  Indicate  system  mal- 
functions. 

2.  Once  a:  year,  base  personnel  should  make  a cathodic 
protection  base  survey,  taking  struoture-to- 
bleetrolyte  and  any  other  necessary  measurements 
(e.g.  current  output  of  galvanic  anodes). 

Rectifiers  should  be  adjusted  as  needed  at  this 
time . 
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APPENDIX  A. 


GLOSSARY  OP  CORROSION  TERMS 
(•Definitions  from  RACE  Standard  HP-01 -69) 

Adsorption,  The  taking  up  of  one  substance  at  tbe  surface 
of  another,  Tbe  tendency  of  all  solids  to  condense  upon 
tbeir  surfaces  a layer  of  any  gas  or  solute  wbicb  contact 
sucb  solids. 

Aeration  cell  (oxygen  cell).  An  electrolytic  cell  in  wbicb 
a difference  in  oxygen  concentration  at  tbe  electrodes  ex- 
ists, producing  corrosion. 

Aaupboterics,  Materials  subject  to  attack  by  both  acid  and 
alkaline  environments.  Aluminum,  zinc,  and  lead,  commonly 
used  in  construction,  are  examples. 

Anaerobic.  Free  of  air  or  uncombined  oxygen;  an  aerobic 
bacteria  are  those  which  do  not  use  oxygen  in  tbeir  life 
cycle. 


Anion.  A negatively  charged  ion  wbicb  migrates  toward  tbe 
anode  under  influence  of  a potential  gradient. 

•Anode.  An  electrode  at  wbicb  oxidation  of  its  surface  or 
some  component  of  tbe  solution  is  occurring.  Antonym: cathode . 

•Bell  bole.  An  excavation  to  expose  a buried  structure. 

Catbode.  An  electrode  at  wbicb  reduction  of  its  surface  or 
some  component  of  tbe  solution  is  occurring.  Antonym: anode 

Cathodic  corrosion.  Corrosion  resulting  from  a catbodic 
condition  of  a structure,  usually  caused  by  tbe  reaction  of 
alkaline  products  of  electrolysis  witb  an  amphoteric  metal. 

♦Catbodic  Protection.  A technique  to  prevent  tbe  corrosion 
of  a metal  surface  by  making  that  surface  tbe  catbode  of  an 
electrochemical  cell. 

Cation.  A positively  charged  ion  of  an  electrolyte  wbicb 
migrates  toward  tbe  catbode  under  tbe  influence  of  a po- 
tential gradient. 
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1 An  electrolytic  cell  in  which  a dif- 
ference in  electrolyte  concentration  exists  between  anode 
und  cathode,  producing  corrosion. 

♦Continuity  bond.  A metallic  connection  that  provides 
electrical  continuity. 

•Corrosion.  The  deterioration  of  a material,  usually  a 
metal,  because  of  a reaction  with  its  environment. 

•Current  density.  The  current  per  unit  area. 

•Electrical  isolation.  The  condition  of  being  electrically 
separated  from  other  metallic  structures  or  the  environment. 

♦Electro-osmotic  effect.  Passage  of  a charged  particle 
through  a membrane  under  the  influence  of  a voltage.  Soil 
may  act  as  the  membrane. 

♦Electrode  potential.  The  potential  of  an  electrode  as 
measured  against  a reference  electrode.  The  electrode  po- 
tential does  not  include  any  loss  of  potential  in  the  sol- 
ution due  to  current  passing  to  or  from  Jhe  electrodes,  i.e. 
it  represents  the  reversible  work  required  to  move  a unit 
charge  from  the  electrode  surface  through  the  solution  to 
r,he  reference  electrode. 

Electrolyte.  A chemical  substance  or  mixture,  usually 
liquid , containing  ions  that  migrate  in  an  electric  field. 
Examples  are  soil  and  seawater. 

Electromotive  force  series  (EMF  series),  A list  of  ele- 
ments  arranged  according  to  their  standard  electrode  po- 
tentials, the  sign  being  positive  for  elements  having 
potentials  that  are  cathodic  to  hydrogen  and  negative  for 
those  elements  having  potentials  that  are  anodic  to  hydro- 
gen. 

♦ Foreign  structure  «■  Any  structure  that  is  not  intended  as 
a part  of  the  system  of  interest. 

♦ Galvanic  anode . A metal  which,  because  of  its  relative 
position  in  tbe  galvanic  series,  provides  sacrificial  pro- 
tection to  metal  or  metals  that  are  more  noble  in  the  ser- 
ies, when  coupled  in  an  electrolyte.  These  anodes  are  the 
current  source  in  one  type  of  cathodic  protection. 


Galvanic  coll . A corrosion  cell  in  which  anode  and  catb- 
ode  are  dissimilar  conductors,  producing  corrosion  because 
of  their  innate  difference  in  potential* 

♦Galvanic  series.  A list  of  metals  and  alloys  arranged 
according  to  their  relative  potentials  in  a given  environ- 
ment . 


♦Holiday*  A discontinuity  of  coating  that  exposes  the  met- 
al  surface  to  the  environment. 

Hydrogen  overvoltage.  Voltage  characteristic  for  each  met- 
al-environment combination  above  which  hydrogen  gas  is  lib- 
erated* 

♦Impressed  current.  Direct  current  supplied  by  a power 
source  external  io the  electrode  system. 

♦Insulating  coating  system*  All  components  comprising  the 
protective  coating,  the  sum  of  which  provides  effective 
electrical  insulation  of  the  coated  structure. 

♦Interference  bond.  A metallic  connection  designed  to  con- 
trol  electrical  current  interchange  between  metallic  sys- 
tems. 

Ion.  Electrically  charged  atom  or  molecule. 

♦IR  drop.  The  voltage  across  a resistance  in  accordance 
witt  (Mim* 8 Law. 

♦Line  current.  The  direct  current  flowing  on  a pipeline. 

Local  action.  Corrosion  caused  by  local  cells  on  a metal 
surface. 

Mill  scale.  The  heavy  oxide  layer  formed  during  hot  fabri- 
cation  or  neat-treatment  of  metals.  The  term  is  applied 
chiefly  to  iron  and  steel. 

Molality.  Concentration  of  a solution  expressed  as  the 
number  or  gram  molecules  of  the  dissolved  substance  per 
1000  grams  of  solvent. 

pH.  A measure  of  hydrogen  ion  activity  defined  by  pH  « 
logio  (1/aH*)  where  aH*  « hydrogen  ion  activity  - molal 
concentration  of  hydrogen  ions  multiplied  by  toe  mean  ion 
activity  coefficient  («  1 for  simplified  calculations). 
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Polarisation*  Tbe  deviation  from  tbe  open  circuit  potent- 
ial  of  an  electrode  resulting  from  tbe  passage  of  current* 

* Reference  electrode*  A device  whose  open  circuit  potent- 
i n 1 1 n constant  under  similar  conditions  of  measurement* 

"Reverse-current  switch.  A device  tbat  prevents  tbe  rever- 
sal  ot  iire  rvE  current  tn rough  a metallic  conductor* 

"Stray  current f Current  flowing  through  paths  other  than 
the  intended  circuit. 

"Stray  current  corrosion.  Corrosion  resulting  from  direct 
current  flow  through  pain s other  than  the  intended  circuit* 

"Structure-to-electrolrte  voltage*  (also  structure-to-soil 
potential  or  pipe-to-soil  potential).  The  voltage  differ- 
ence between  a buried  metallic  structure  and  the  electro- 
lyte which  is  measured  with  a reference  electrode  in  con- 
tact with  the  electrolyte. 

♦ Structure-to-structure  voltage . (also  structure-to-strucb- 
nre  potential),  'rtie  di^erence  in  voltage  between  metallic 
structures  in  a common  electrolyte. 

•Voltage*  An  electromotive  force,  or  e difference  in  elec- 
erode  potentials  expressed  in  volts. 
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APH5HDIX  B, 


mtxmaa  or  bulksfoutatioii 

SEGULAT10MS 


Titla  49  — Transportation 

Chapter  l-Hatardous  Material*  Regulations  Board,  Depart- 
ment of  Transportation. 

(Docket  Bo.  OPS-5;  A*dt.  192-4) 

Part  192-Transportation  of  natural  and  other  gaa  by  pipe- 
line: Minima*  Federal  safety  atandarda 

Subpart  1-Raquire*enta  for 
Corroaion  Control 


192.451  Scope. 

Tbi*  subpert  prescribes  minipu*  requirenents  for  the  pro- 
tection of  Metallic  pipelines  fro*  external,  internal,  and 
atmospheric  corrosion. 

192.453  General. 

Each  operator  shall  establish  procedures  to  implement  the 
requirenents  of  this  subpart.  These  procedures,  including 
those  for  the  design,  installation,  operation  and  mainten- 
ance of  cathodic  protection  systems,  must  be  carried  out  by, 
or  under  the  direction  of,  a person  qualified  by  experi- 
ence and  training  in  pipeline  corrosion  control  methods. 

192.455  External  corrosion  control:  buried  or  submerged 

pipelines  installed  after  July  31,  1971. 

(a)  Except  as  provided  in  paragraphs  (b)  and  (c)  of  this 
section,  each  buried  or  submerged  pipeline  installed  after 
July  31,  1971  must  be  protected  against  external  corrosion, 
including  the  following: 

(1)  It  must  have  an  external  protective  coating  meeting 
the  requirements  of  192.46. 

(2)  It  must  have  a cathodic  protection  system  designed  to 
protect  the  pipeline  in  its  entirety  in  accordance  with  this 
subpart,  installed  and  placed  in  operation  within  one  year 
after  completion  of  construction. 

(b)  An  operator  need  not  comply  with  paragraph  (a)  of 
this  section,  if  the  operator  can  demonstrate  by  tests,  in- 
vestigation, or  experience  in  the  area  of  application,  in- 
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eluding,  as  a minimua,  soil  resistivity  neaauramants  and 
testa  for  corrosion  acealarating  bacteria,  that  a corros- 
ive environment  does  not  exist*  However,  Within  6 months 
after  an  installation  made  pursuant  to  the  preceding  sen- 
tence. the  operator  shall  conduct  testa,  including  pipe- 
co-aeil  potential  measurements  with  respect  to  either  a 
continuous  reference  electrode  or  an  electrode  using  close 
spacing,  not  to  exceed  20  feet,  and . soil  resistivity  mesa- 
jrements  at  potential  profile  peak  locations,  zo  adequ- 
ately evaluate  the  potential  profile  along  the  entire  pipe- 
line* If  the  testa  made  indicate  tbet  a oorroaive  con- 
diton  exists,  the  pipeline  must  be  catbodieally  protected 
in  accordance  with  paragraph  (a)  (2)  of  this  section* 

(c)  An  operator  need  not  comply  with  paragraph  (a)  of 
this  section,  if  the  operator  can  demonstrate  by  testa, 
ir-***stigation,  or  experience 
U)  for  a copper  pipeline,  i oorrjs ive  environment  does 


ccr^isive  environment  does 

not  exist;  or 

(2)  For  a temporary  pipeliv  operating  period  of 

service  not  to  exceed  5 year:  v >/ond  installation,  corro- 
sion during  the  5-year  period  of  service  of  the  pipeline 
will  not  be  detrimental  to  public  safety* 

(d)  Notwithstanding  the  provisions  of  paragraph  (b)  or 
(c)  of  this  section,  if  « pipeline  is  externally  coated, 
it  must  be  catbodieally  protected  in  accordance  with  para- 
graph (a)  (2)  of  this  section* 

O)  Aiuoinum  nay  not  be  installed  in  a buried  or  submerg- 
ed oipeline  if  that  aluminum  is  exposed  to  an  environment 
with  a natural  pH  in  excess  of  8,  unless  tests  or  exper- 
ience indicate  it's  suitability  in  the  particular  environ- 
ment involved* 

192.4-57  External  corrosion  control:  buried  or  submerg- 

ed pipelines  installed  before  August  1,  1971* 

(a)  Except  for  buried  piping  at  compressor,  regulator, 
and  measuring  stations,  each  buried  or  submerged  trans- 
mission line  installed  before  August  1,  1971,  that  has  an 
effective  external  coating  must,  not  later  than  August  1, 
1974,  be  cathodically  protected  along  the  entire  area  that 
is  effectively  coated,  in  accordance  with  this  subpart* 

For  the  purposes  of  this  subpart,  a pipeline  does  not  have 
an  effective  external  coating  if  its  cathodic  protection 
current  requirements  are  substantially  the  same  as  if  it 
were  bare.  The  operator  shall  make  tests  to  determine  tbe 
cathodic  protection  current  requirements. 

(b)  Except  for  cast  iron  or  ductile  iron,  each  of  the 
following  buried  or  submerged  pipelines  installed  before 
August  1,  1971,  must,  not  later  than  August  1,  1976,  be 
catbodieally  protected  in  accordance  with  this  subpart  in 
areas  in  which  active  corrosion  is  found: 
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Cl}-  Bnt  or  ineffectively  coated  trt  mm\  eel  cm  11ms. 

(2)  Bore  or  oomted  pipes  at  t frseepr,  regnlrtor,  and 
MliniBg  stations. 

(3)  Boro  or  coated  distributism  Ubm.  fte  oporotor  shall 
determine  tba  areas  of  Mtiv*  osrremien  by  electrical  sur- 
v»7f  or  vtefs  oloetriool  onvtj  is  impractical,  by  tbe  stu- 
dy of  oorrooioo  nod  look  history  records,  by  leak  detection 
survey,  or  by  otter  mom, 

(o)  for  tte  purport  of  this  subpart,  active  oorrooioo 
mesne  oontimuiag  oorrooioo  idieb,  unis  so  controlled,  could 
result  in  s ooo&itioo  ttet  is  detrlmeatsl  to  public  safety. 

192.459  External  corrosion  control:  examination  of  bur- 
ied pipeline  when  exposed. 

Whenever  on  operetor  bss  knowledge  ttet  any  portion  of  a 
buried  pipeline  is  exposed,  tbe  exposed  portion  oust  be  ex- 
amined for  evidence  of  external  corrosion  if  tbe  pipe  is 
bore,  or  if  tbe  coating  is  deteriorated.  If  external  cor- 
rosion is  found,  remedial  action  oust  be  taken  to  the  ex- 
tent required  by  192.483  end  tbe  applicable  paragraphs  of 
192.485,  192.487,  or  192.489. 

192.461  External  corrosion  control:  protective  coating. 

(a)  Escb  external  protective  coating,  whether  conductive 
or  insulating,  applied  for  tbe  purpose  of  external  corro- 
sion control  must- 

Cl}  Be  applied  on  a properly  prepared  surface; 

C2)  Have  sufficient  adhesion  to  tbe  natal  surface  to 
effectively  resist  under-film  migration  of  moisture; 

0}  Be  sufficiently  ductile  to  resist  cracking; 

(4;  Have  sufficient  strength  to  resist  damage  due  to 
handling  and  soil  stress;  and 

(5)  Have  properties  compatible  with  any  supplemental 
cathodic  protection. 

(b)  Escb  external  protective  coating  which  is  an  elect- 
rically insulating  type  must  also  have  low  moisture  ab- 
sorption and  high  electrical  resistance. 

(c)  Each  external  protective  coating  must  be  inspected 
just  prior  to  lowering  the  pipe  into  tbe  ditcb  and  back- 
filling* *nd  any  damage  detrimental  to  effective  corrosion 
control  must  be  repaired. 

(d)  Escb  external  protective  coating  suet  be  protected 
from  damage  resulting  from  edverae  ditcb  conditions  or  dam- 
age from  supporting  blocks. 

(e)  If  coated  pipe  is  installed  by  boring,  driving,  or 
other  similar  method,  precautions  must  be  taken  to  minimize 
de««ge  to  tbe  coating  during  installation. 
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192*463  External  corrosion  control:  catbodie  protection. 

(a)  Each  catbodie  protection  aye  tea  required  by  tbia  aub- 
part  must  provide  a level  of  catbodie  protection  that  com- 
plies with  one  or  more  of  tbe  applicable  criteria  contained 
in  Appendix  D of  tbia  subpart*  If  none  of  tbeae  criteria 
is  applicable,  tbe  catbodie  protection  ayCten  oust  provide 
u level  of  catbodie  protection  at  least  equal  to  that  pro- 
vided by  compliance  with  one  or  more  of  tbeae  criteria* 

(b)  If  amphoteric  metals  are  included  in  a buried  or  sub- 
merged pipeline  containing  a metal  of  different  anodic  pot- 
•sntialr 

(1)  Tbe  amphoteric  metals  must  be  electrically  isolated 
from  tbe  remainder  of  tbe  pipeline  and  cathodically  pro- 
jected; or 

(':)  ue  entire  buried  or  submerged  pipeline  must  be  cstb- 
odicali  ' protected  at  a cathodic  potential  that  meets  tbe 
requirements  of  Appendix  D of  this  part  for  amphoteric  met- 
als* 

(c)  Tbe  amount  of  cathodic  protection  must  be  controlled 
so  as  not  to  damage  the  protective  coating  or  the  pipe* 

192.463  External  corrosion  control:  monitoring. 

(a)  Except  where  impractical  on  off-shore  pipelines,  etch 
pipeline  that  is  under  catbodie  protection  must  be  tested 
rt  leart  once  each  calender  year,  but  with  intervals  not 
e:cc*  ■ ng  15  months,  to  determine  whether  tbe  catbodie  pro- 
tection meets  the  requirements  of  192.463.  However,  if 
tests  at  those  intervals  are  impractical  for  separately 
protected  service  lines  or  short  sections  of  protected 
mains,  not  in  excess  of  100  feet ? these  service  lines  and 
mains  may  be  surveyed  on  a sampling  basis.  At  least  10 
percent  of  these  protected  structures,  distributed  over  the 
entire  system  must  be  surveyed  each  calender  year,  with  a 
different  10  percent  checked  each  subsequent  year,  so  that 
the  entire  system  is  tested  in  each  10-year  period. 

(b)  At  intervals  not  exceeding  2 months,  each  cathodic 
protection  rectifier  or  other  impressed  current  power 
source  must  be  inspected  to  ensure  that  it  is  operating. 

(c)  At  intervals  not  exceeding  2 months,  each  reverse 
current  switch,  each  diode,  and  each  interference  bond 
whose  failure  would  jeopardise  structure  protection,  must 
be  electrically  checked  for  proper  performance.  Each  other 
interference  bond  must  be  checked  at  least  once  each  calen- 
dar year,  but  with  intervals  not  exceeding  15  months. 

(d)  Each  operator  shall  take  prompt  remedial  action  to 
correct  any  deficiencies  indicated  by  the  monitoring. 

(e)  After  the  initial  evaluation  required  by  paragraphs 
<,b)  and  (c)  of  192.4-55  and  paragraph  (b)  of  192.4-57,  each 
operator  3hall,  at  intervals  not  exceeding  3 years,  reevalu- 
ate its  unprotected  pipelines  and  cathodically  protect  them 


212 


in  accordance  with  this  subpart  in  araaa  in  irtiieh  active 
corrosion  is  found.  The  operator  aboil  determine  the 
areas  of  active  corrosion  by  electrical  survey,  or  where 
electrical  survey  is  impractical,  by  the  study  of  oorroe- 
ion  and  leak  history  records,  by  leak  detection  survey,  or 
by  other  neans. 

192.467  External  corrosion  control:  electrical  isola- 
tion. 

(a)  Each  buried  or  submerged  pipeline  must  be  electric- 
ally isolated  fro*  other  underground  aetallic  structures, 
unless  the  pipeline  and  the  other  structures  are  electric- 
ally interconnected  and  eatbodieally  protected  as  a single 
unit. 

(b)  in  insulating  device  oust  be  installed  where  electri- 
cal isolation  of  a portion  of  a pipeline  is  necessary  to 
facilitate  the  application  of  oorrosion  control. 

(c)  Except  for  unprotected  copper  inserted  in  ferrous 
pipe,  each  pipeline  aust  be  electrically  isolated  free 
metallic  casings  that  are  a part  of  the  underground  system. 
However,  ■* £ isolation  is  not  achieved  because  it  is  im- 
practical v other  measures  must  be  taken  to<  minimise  cor- 
rosion of  the  pipeline  inside  the  casing. 

(d)  Inspection  and  electrical  testa  must  be  made  to 
assure  that  electrical  isolation  is  adequate. 

(e)  An  insulating  device  may  not  be  installed  in  an  area 
where  a combustible  atmosphere  is  anticipated  unless  pre- 
cautions are  taken  to  prevent  arcing. 

(f)  Where  a pipeline  is  located  in  close  proximity  to  ^ » 
electrical  transmission  tower  footings,  ground  cables  or 
counter-poise,  or  in  other  areas  where  fault  currents  or 
unusual  risk  of  lightning  may  be  anticipated,  it  must  be 
provided  with  protection'  against  damage  due  to  fault  cur- 
rents or  lightning,  and  protective  measures  must  also  be 
taken  at  insulating  devices. 

192.469  External  corrosion  control:  test  stations. 

Except  where  impractical  on  offshore  and  wet  marsh  area 
pipelines,  each  pipeline  under  cathodic  protection  requir- 
ed by  this  subpart  must  have  sufficient  test  stations  or 
other  contact  points  for  electrical  measurement  to  deter- 
mine the  adequacy  of  cathodic  protection. 

192.471  External  corrosion  control:  test  leads. 

(a)  Each  test  lead  wire  must  be  connected  to  the  pipe- 
line so  as  to  remain  mechanically  secure  and  electrically 
conductive. 

(b)  Each  test  lead  wire  must  be  attached  to  the  pipeline 
so  as  to  minimize  stress  concentration  on  the  pipe. 
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(e)  Each  bared  teat  lead  wire  and  bared  aetallic  area  at 
point  of  connection  to  the  pipeline  aunt  be  coated  with  an 
electrical  insulating  material  compatible  with,  tbe  pipe 
coating  and  tbe  insulation  on  tbe  wire. 

192*473  External  corrosion  control:  interference  cur- 
rents* 

(a)  After  July  31*  1973*  sacb  operator  whose  pipeline 
system,  is  subjected  to  stray  currents  shall  have  in  effect 
a continuing  program  to  minimize  tbe  detrimental  effects  of 
such  currents* 

(b)  Each  impressed  current  type  cathodic  protection  sys- 
tem or  galvanic  anode  system  must  be  designed  and  installed 
so  as  to  minimize  any  adverse  effects  on  existing  adjacent 
underground  metallic  structures. 

=192.475  Internal  corrosion  control:  general. 

(a)  After  July  31*  1972,  corrosive  gas  may  not  be  trans- 
ported by  pipeline,  unless  tbe  corrosive  effect  of  the  gas 
on  the  pipeline  has  been  investigated  and  steps  have  been 
taken  to  minimize  internal  corrosion. 

(b)  Whenever  any  pipe  is  removed  from  a pipeline  for  any 
reason,  tbe  internal  surface  must  be  inspected  for  evidence 
rf  corrosion.  If  internal  corrosion  is  found- 

(1)  Tbe  adjacent  pipe  must  be  investigated  to  determine 
the  extent  of  internal  corrosion; 

(2)  Replacement  must  be  made  to  tbe  extent  required  by 
the  applicable  paragraphs  of  192.485,  192.487,  or  192.489; 
and 

(3)  Steps  must  be  taken  to  minimize  the  internal  cor- 
rosion. 

(c)  Gas  containing  more  than  0.1  grain  of  hydrogen  sul- 
fide per  100  standard  cubic  feet  may  not  be  stored  in  pipe- 
type  or  bottle-type  holders. 

192.477  Internal  corrosion  control:  monitoring. 

If  corrosive  gas  is  being  transported,  coupons  or  other 
suitable  means  must  be  used  to  determine  the  effectiveness 
of  the  ts teps  taken  to  minimize  internal  corrosion.  After 
July  31,  1972,  each  coupon  or  other  means  of  monitoring 
internal  corrosion  must  be  checked  at  intervals  not  exceed-- 
ing  6 months. 

192.479  Atmospheric  corrosion  control:  general. 

(a)  Pipelines  installed  after  July  31,  1971*  Each  above- 
ground pipelines  or  portion  of  a pipeline  installed  after 
July  31,  1971  that  is  exposed  to  the  atmosphere  must  be 
cleaned  'and  either  coated  or  jacketed  with  a material  suit- 
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Able  for  tbe  prevention  of  atmospheric  corrosion*  An  oper- 
ator need  not  comply  with  this  paragraph,  if  the  operator 
can  demonstrate  by  test,  investigation,  or  experience  in 
the  area  of  application,  that  a corrosive  atmosphere  does 
not  exist. 

(b)  Pipelines  installed  before  August  1,  1971*  Not  later 
than  August  1,  1974,  each  operator  having  an  above-ground 
pipeline  or  portion  of  a pipeline  installed  before  August 
1,  1971  that  is  exposed  to  the  atmosphere,  shall- 

(1)  Determine  the  areas  of  atmospheric  corrosion  on  the 
pipeline; 

(2)  If  atmospheric  corrosion  is  found,  take  remedial 
measures  .to  the  extent  required  by  the  applicable  para- 
graphs of  192.485,  192.487,  or  192.489;  and 

(3)  Clean  and  either  coat  or  jacket  the  areas  of  atmos- 
pheric corrosion  on  the  pipeline  with  a material  suitable 
for  the  prevention  of  atmospheric  corrosion. 


192.481  Atmospheric  corrosion  control:  monitoring. 


After  meeting  the  requirements  of  paragraphs  (a)  and  (b) 
of  192.479,  each  operator  shall,  at  intervals  not  exceeding 
3 years,  reevaluate  its  above-ground  pipelines  or  portions' 
of  pipelines  that,  are  exposed  to  the  atmosphere  and  take 
remedial  action  wherever  necessary  to  maintain  protection 
against  atmospheric  corrosion. 


192.483  Remedial  measures:  -general. 


(a)  Each  segment  of  metallic  pipe  that  replaces  pipe  re- 
moved from  a buried  or  submerged  pipeline  because  of  exter- 
nal corrosion  must  have  a properly  prepared  surface  and 
must  be  provided  with  an  external  protective  coating  that 
meets  the  requirements  of  192.461. 

(b)  Each  segment  of  metallic  pipe  that  replaces  pipe  re- 
moved from  a buried  or  submerged  pipeline  because  of  exter- 
nal corrosion  must  be  cathodically  protected  in  accordance 
with  this  subpart. 

(c)  Except  for  cast  iron  or  ductile  iron  pipe,  each  seg- 
ment of  buried  or  submerged  pipe  that  is  required  to  be  re- 
paired because  of  external  corrosion  must  be  cathodically 
protected  in  accordance  with  this  subpart. 


192.485  Remedial  measures:  transmission  lines. 


(a)  General  corrosion.  Each  segment  of  transmission  line 
pipe  with  general  corrosion  and  with  a remaining  wall 
thickness  less  than  that  required  for  the  maximum  allow- 
able operating  pressure  of  the  pipeline,  must  be  replaced 
or  the  operating  pressure  reduced  commensurate  with  the 
actual  remaining  wall  thickness.  However,  if  the  area  of 


general  corrosion  is  snail,  the  corroded  pipe  nay  be  re- 
paired* Corrosion  pitting  so  closely  grouped  as  to  affect 
tbe  overall  strength  of  the  pipe  is  considered  general  cor- 
rosion for  the  purpose  of  this  paragraph* 

(b)  Localised  corrosion  pitting*  Each  segment  of  trans- 
mission line  pipe  with  localised  corrosion  pitting  to  a de- 
gree where  leakage  night  result  must  be  replaced  or  repair- 
ed, or  the  operating  pressure  must  he  reduced  connensurate 
with  the  strength  of  the  pipe,  based  on  the  actual  remain- 
ing wdll  thickness  in  the  pits* 

192*487  Remedial  measures:  distribution  lines  other 
than  cast  iron  or  ductile  iron- lines* 

(a)  General  corrosion.  Except  for  cast  iron  or  ductile 
iror  pipe,  each  segment  of  generally  corroded  distribution 
line  pipe  with  a remaining  wall  thickness  less  than  that 
required  for  the  maximum  allowable  operating  pressure  of 
■che  pipeline,  or  a remaining  wall  thickness  less  than  30 
oercent  of  the  nominal  wall  thickness,  must  be  replaced* 
However,  if  the  area  of  general  corrosion  is  small,  the  cor- 
roded pipe  may  be  repaired.  Corrosion  pitting  so  closely 
grouped  as  to  affect  the  overall  strength  of  the  pipe  is 
considered  general  corrosion  for  the  purpose  of  this  para- 
graph. 

(b)  Localized  corrosion  pitting.  Except  for  cast  iron  or 
iuctlle  iron  pipe,  each  segment  of  distribution  line  pipe 
with  localized  corrosion  pitting  to  a degree  where  leakage 
might  result  must  be  replaced  or  repaired. 

192.489  Remedial  measures:  cast  iron  and  ductile  iron 
pipelines. 


(a)  General  graphitization.  Each  segment  of  cast  iron  or 
ductile  iron  pipe  on  which  general  graphitization  is  found 
to  a degree  where  a fracture  or  any  leakage  might  result, 
must  be  replaced. 

(b)  Localized  graphitization.  Each  segment  of  cast  iron 
or  ductile  iron  pipe  on  which  localized  graphitization  is 
found  to  a degree  where  any  leakage  might  result,  must  be 
replaced  or  repaired,  or  sealed  by  internal  sealing  methods 
adequate  to  prevent  or  arrest  any  leakage. 


192.491  Corrosion  control  records. 

(a)  After  July  31,  1972,  each  operator  shall  maintain  re- 
cords or  maps  to  show  the  location  of  cathodically  protect- 
ed piping,  cathodic  protection  facilities,  other  than  unre- 
corded galvanic  anodes  installed  before  August  1,  1971,  and 
neighboring  structures  bonded  to  the  cathodic  protection 
system. 

(b)  Each  of  the  following  records  must  be  retained  for  as 
long  as  the  pipeline  remains  in  service: 
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(1)  Such  record  or  sop  required  by  paragraph  (a)  of  this 
section. 

(2)  Records  of  each  test,  survey,  or  inspection  required 
by  this  subpsrt,  in  sufficient  detail  to  demonstrate  the 
adequacy  of  corrosion  control  measures  or  that  a corrosive 
condition  does  not  exist. 

Appendix  D-Crlteria  for  Cathodic  Protection  and  Determina- 
tion of  Measurements 

1.  Criteria  for  cathodic  protection-A.  Steel,  cast  iron, 
and  ductile  iron  structures. 

(1)  A negative  (cathodic)  voltage  of  at  least  0.85  volt, 
with  reference  to  a saturated  copper-copper  sulfate  half 
cell.  Determination  of  this  voltage  must  be  made  with  the 
protective  current  applied,  and  in  accordance  with  sections 

II  and  IV  of  this  appendix. 

( 2)  A negative  (cathodic)  voltage  shift  of  at  least  300 
millivolts.  Determination  of  this  voltage  shift  must  be 
made  with  the  protective  current  applied,  and  in  accordance 
with  sections  II  and  IV  of  this  appendix.  This  criterion 
of  voltage  shift  applies  to  structures  not  in  contact  with 
metals  of  different  anodic  potentials. 

(3)  A minimum  negative  (cathodic)  polarization  voltage 
shift  of  100  millivolts.  This  polarization  voltage  shift 
must  be  determined  in  accordance  with  sections  III  and  IV 
of  this  appendix. 

(4)  A voltage  at  least  as  negative  (cathodic)  as  that 
originally  established  at  the  beginning  of  the  Tafel  seg- 
ment of  the  E-log-I  curve.  This  voltage  must  be  measured 
in  accordance  with  section  IV  of  this  appendix. 

(5)  A net  protective  current  from  the  electrolyte  into 
the  structure  surface  as  measured  by  an  earth  current  tech- 
nique applied  at  predetermined  current  discharge  (anodic) 
points  of  the  structure. 

B.  Aluminum  structures.  (1)  Except  as  provided  in  sub- 
paragraphs (3)  and  (4)  of  this  paragraph,  a minimum  negative 
( cathodic )yo!tage  shift  of  150  millivolts,  produced  by  the 
application  of  protective  current.  The  voltage  shift  must 
be  determined  in  accordance  with  sections  II  and  IV  of  this 
appendix. 

(2)  Except  as  provided  in  subparagraphs  (3)  and  (4)  of 
this  paragraph,  a minimum  negative  (cathodic)  polarization 
voltage  shift  of  100  millivolts.  This  polarization  volt- 
age shift  must  be  determined. in  accordance  with  sections 

III  and  17  of  this  appendix, 

(3)  Notwithstanding  the  alternative  minimum  criteria  in 
subparagraphs  (1)  and  (2)  of  this  paragraph,  aluminum-,  if 
cathodicaliy  protected  at  voltages  in  excess  of  1.20  volts 
as  measured  with  reference  to  a copper-copper  sulfate  half 


cell,  in  accordance  with  section  IV  of  this  appendix,  and 
compensated  for  the  voltage  (IR)  drops  other  than  those 
across  the  structure-electrolyte  boundary,  nay  suffer  cor- 
rosion resulting  from  the  build-up  of  alkali  on  the  natal 
surface.  A voltage  in  excess  of  1.20  volts  nay  not  be  used 
unless  previous  test  results  indicate  no  appreciable  cor- 
rosion will  occur  in  the  particular  environment. 

(4)  Since  aluminum  may  suffer  from  corrosion  under  high 
pH  conditions,  and  since  application  of  cathodic  protection 
tends  to  increase  the  pH  at  the  metal  surface,  careful  in- 
vestigation or  testing  must  be  made  before  applying  cathodic 
protection  to  stop  pitting  attack  on  aluminum  structures  in 
•-•nvironments  with  a natural  pH  in  excess  of  8. 

C.  Copper  structures.  A minimum  negative  (cathodic)  po- 
1 »ri7qtion  voltage  shift  of  100  millivolts.  This  polarisa- 
tion voltage  shift  must  he  determined  in  accordance  with 
sections  III  and  IV  of  this  appendix. 

D.  Metals  of  different  anodic  potentials.  A negative 

t. cathodic)  voltage,  measured  in  accordance  with  section  IV 
of  this  appendix,  equal  to  that  required  for  the  moat  anod- 
ic metal  in  the  system  must  be  maintained.  If  amphoteric 
structures  are  involved  that  could  be  damaged  by  bigb  alka- 
linity covered  by  subparagraphs  (3)  and'  (4)  of  paragraph  B 
of  fchis  section,  they  must  be  electrically  isolated  with 
insulating  flanges,  or  the  equivalent. 

II.  Interpretation  of  voltage  measurement.  Voltage  (IR) 
'ror  ocher  than  those  across  the  structure-electrolyte 
oour  i^ry  must  be  considered  for  valid  interpretation  of  the 
voltage  measurement  in  paragraph  A(l)  and  (2)  and  paragraph 
3(1)  of  section  1 of  this  appendix. 

III.  Determination  of  polarization  voltage  shift.  The 
polarization  voltage  shift  must  be  determined  by  Interrupt- 
ing the  protective  current  and  measuring  the  polarization 
decay.  When  the  current  is  initially  interrupted,  an  im- 
mediate voltage  shift  occurs.  The  voltage  reading  after 
the  immediate  shift  must  be  used  as  the  base  reading  from 
which  to  measure  polarization  decay  in  paragraphs  A(3)*  B 
(2),  and  G of  section  1 of  this  appendix. 

IV.  Reference  half  cells.  A.  Except  as  provided  in  para- 
graphs B and  C of  this  section,  negative  (cathodic)  voltage 
must  be  measured  between  the  structure  surface  and  a sat- 
urated copper-copper  sulfate  half  cell  contacting  the  elec- 
rolyte. 

B.  Other  standard  reference  half  cells  may  be  substituted 
for  the  saturated  copper-copper  sulfate  half  cell.  Two 
commonly  used  reference  half  cells  are  listed  below  along 
with  their  voltage  equivalent  to  -0,85  volt  as  referred  to 
a saturated  copper-copper  sulfate  half  cell: 

(1)  Saturated  KC1  calomel  half  cell:  -0.78  volt. 

(2)  Silver-silver  chloride  half  cell  used  in  sea  water: 
-0.80  volt. 


C.  In  addition  to  the  standard  reference  half  cells,  an 
alternate  metallic  material  or  structure  nay  be  used  in 
place  of  the  saturated  copper-copper  sulfate  half  cell  if 
its  potential  stability  is  assured  and  if  its  Voltage  equi- 
valent referred  to  a saturated  copper-copper  sulfate  half 
cell  is  established. 

(FR  Doc.  71-9221  Piled  6-29-71;  8:48  an) 

TRANSPORTATION  OP  LIQUIDS  BY  PIPELINE* 

SUBPART  A — GENERAL 


AFFECTED  FACILITIES 


199*1  Scope. 

(a)  Except  as  provided  in  paragraph  (b)  of  this  section, 
this  part  prescribes  rules  governing  the  transportation  by 
pipeline  in  interstate  and  foreign  coaaerce  of  hazardous 
materials  that  are  subject  to  Parts  172  and  173  of  this 
chapter,  petroleum,  and  petroleum  products. 

(b)  This  part  does  not  apply  to- 

(1)  Transportation  of  water  or  any  connodity  that  is 
transported  in  a gaseous  state; 

(2)  Transportation  through  a pipeline  by  gravity; 

(3)  Transportation  through  pipelines  that  operate  at  a 
stress  level  of  20  percent  or  less  of  the  specified  mini- 
mum yield  strength  of  the  line  pipe  in  the  system;  and 

(4;  Except  for  Subpart  B of  this  part,  transportation  of 
petroleum  in  rural  areas  between  a production  facility  and 
the  point  where  the  petroleum  is  received  by  a carrier. 

SUBPART  D — CONSTRUCTION 
REQUIRED  PROTECTIVE  MEASURES 

195*236  External  corrosion  protection. 

Each  component  in  the  pipeline  system  must  be  provided 
with  protection  against  external  corrosion. 

195*238  External  coating. 

(a)  No  pipeline  system  component  may  be  buried  unless 
that  component  has  an  external  protective  coating  tbat- 

(1.)  Is  designed  to  mitigate  corrosion  on  the  buried  com- 
ponent; 

(2)  Has  sufficient  adhesion  to  the  metal  surface  to  pre- 
vent underfilm  migration  of  moisture; 

(3)  Is  sufficiently  ductile  to  resist  cracking; 

(4)  Has  enough  strength  to  resist  damage  due  to  handling 
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and  soil  stress;  and 

(5)  Supports  any  supplemental  cathodic  protection. 

In  addition,  if  an  insulating-type  coating  is  used  it  ■ast 
have  low  moisture  absorption  and  provide  high  electrical 
resistance. 

(b)  All  pipe  coating  must  be  inspected  just  prior  to  low- 
ering the  pipe  into  the  ditch  and  any  damage  discovered 
must  be  repaired. 

195.242  Cathodic  protection  system. 

(a)  A cathodic  protection  system  must  be  installed  for 
ell  buried  facilities  to  mitigate  corrosion  deterioration 
that  might  result  in  structural  failure.  A test  procedure 
must  be' developed  to  determine  whether  adequate  cathodic 
orotect  ton  has  been  achieved. 

(b)  A cathodic  protection  system  must  be  installed  not 
.ater  than  1 year  after  completing  the  construction. 

195*244  Test  leads. 

(a)  Except  for  offshore  pipelines,  electrical  test  leads 
used  for  corrosion  control  or  electrolysis  testing  must  be 
installed  at  intervals  frequent  enough  to  obtain  electrical 
measurements  indicating  the  adequacy  of  the  cathodic  pro- 
motion. 

C ) Test  leads  must  be  installed  as  follows: 

( s Enough  looping  or  slack  must  be  provided  to  prevent 
test  1-iads  from  being  unduly  stressed  or  broken  during  baek 
filling. 

(2)  Each  lead  must  be  attached  to  the  pipe  so  as  to  pre- 
vent stress  concentration  on  the  pipe. 

(3)  Each  lead  installed  in  a conduit  must  be  suitably  in- 
sulated from  the  conduit. 

SUBPART  P — OPERATION  AND  MAINTENANCE 
CATHODIC  PROTECTION  REQUIREMENTS 

195*414  Cathodic  protection. 

(a)  After  March  31,  1973,  no  carrier  may  operate  a pipe- 
line that  has  an  external  surface  coating  material,  unless 
that  pipeline  is  cathodically  protected.  This  paragraph 
does  not  apply  to  tank  farms  and  buried  pumping  station 
piping. 

(b)  Each  carrier  shall  electrically  inspect  each  bare 
pipeline  before  April  1,  1975,  to  determine  any  areas  in 
which  active  corrosion  is  taking  place.  The  carrier  may  not 
increase  its  established  maximum  operating  pressure  on  a 
section  of  bare  pipeline  until  the  section  has  been  so 
electrically  insoected.  In  any  areas  where  active  corros- 
ion i.s  found,  the  carrier  shall  provide  cathodic  protection. 
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Section  195**16  (f)  and  (g)  applies  to  ail  corroded  pipe 
tbmt  if  found* 

(e)  Koch  cczi*ier  shall  electrically  inspect  oil  tank 
fins  and  buried  pupping  station  piping  before  April  1, 

1975*  oa  to  the  need  for  cathodic  protection,  and  eatbodic 
protection  shall  be  provided  where  necessary* 

EXTERNAL  CORROSION  CONTROL 
TESTING  AND  INSPECTION 

195**16  External  corrosion  control* 

(a)  Each  carrier  shall,  at  intervals  not  exceeding  12 
non tbs,  conduct  tests  on  each  underground  facility  in  its 
pipeline  systems  that  is  under  cathodic  protection  to  de- 
termine whether  the  protection  is  adequate* 

(b)  Each  carrier  shall  aaintain  the  teat  leads  required 
for  cathodic  protection  in  such  a condition  that  electrical 
measurements  can  be  obtained  to  ensure  adequate  protection* 

(e)  Each  barrier  ahall,  at  intervals  not  exceeding  2 mon- 
ths* inspect  each  of  its  cathodic  protection  rectifiers. 

(d)  Each  carrier  shall,  at  intervals  not  exceeding  5. 
years,  electrically  inspect  the  bare  pipe  in  its  pipeline 
syten  that  is  not  cathodically  protected  and  must  study 
leak  records  for  that  pipe  to  determine  if  additional  pro- 
tection is  needed* 

(e)  Whenever  any  buried  pipe  is  exposed  for  any  reason, 
the  carrier  shall  examine  the  pipe  for  evidence  of  external 
corrosion*  If  the  carrier  finds  that  there  is  active  cor- 
rosion. that  the  surface  of  the  pipe  is  generally  pitted, 
or  that  corrosion  has  caused  a leak,  it  shall  investigate 
further  to  determine  the  extent  of  the  corrosion* 

(f)  Any  pipe  that  is  found  to  be  generally  corroded  so 
tbat  the  remaining  wall  thickness  is  less  than  the  mini- 
mum thickness  required  by  the  pipe  specification  tolerances 
must  either  be  replaced  with  coated  pipe  that  needs  the  re- 
quirements of  this  part  or,  if  the  area  is  small,  must  be 
repaired.  However,  the  carrier  heed  not  replace  generally 
corroded  pipe  if  the  operating  pressure  is  reduced  to  be 
commensurate  with  the  limits  on  operating  pressure  specif- 
ied in  this  aubpart,  based  on  the  actual  remaining  wall 
thickness* 

(g)  If  isolated  corrosion  pitting  is  found,  the  carrier 
shall  repair  or  replace  the  pipe  unless- 

(1)  The  diameter  of  the  corrosion  pits,  as  measured  at  the 
surface  of  the  pipe,  is  less  than  the  nominal  wall  thickness 
of  the  pipe;  and 

(2)  The  remaining  wall  thickness  at  the  bottom  of  the  pits 
is  at  least  70  percent  of  the  nominal  wall  thickness. 

(b)  Each  carrier  shall  clean,  coat  with  material  suitable 
for  the  prevention  of  atmospheric  corrosion,  and,  maintain 





tbis  protection  for,  each  component  in  its  pipeline  system 
that  ia  exposed  to  the  atmosphere. 

INTERNAL  CORROSION  CONTROL 

195-418  Internal  corrosion  control. 

(a)  No  carrier  nay  transport  any  commodity  that  would 
corrode  th*  pipe  or  other  components  of  its  pipeline  sys- 
tem, unless  it  has  investigated  the  corrosive  effect  of  the 
commodity  on  the  system  and  has  taken  adequate  steps  to 
mitigate  corrosion. 

(b)  If  corrosion  inhibitors  are  used  to  mitigate  internal 
corrosion  the  carrier  shall  use  inhibitors  in  sufficient 

•q jar  tity  to  protect  the  entire  pert  of  the  system  that  tbs 
*"b.bitors  are  designed  to  protect  and  shall  also  use  cou- 
rons  or  other  monitoring  equipment  to  determine  their 
effectiveness. 

(c)  The  carrier  shall,  at  intervals  not  exceeding  6 mon- 
ths, examine  coupons  or  other  types  of  monitoring  equipment 
to  determine  the  effectiveness  of  the  inhibitors  or  the  ex- 
tent of  any  corrosion. 

(d)  Whenever  any  pipe  is  removed  from  the  pipeline  for 
any  reason,  the  carrier  must  inspect  the  internal  surface 
for  evidence  of  corrosion.  If  the  pipe  is  generally  cor- 
•odel  such  that  the  remaining  wall  thickness  is  leas  than 
. 2 minimum  thickness  required  by  the  pipe  specification 

tolerances,  the  cerrier  shall  investigate  adjacent  pipe  to 
determine  the  extent  of  the  corrosion.  The  corroded  pipe 
must  be  replaced  with  pipe  that  meets  the  requirements  of 
this  part. 

(*)  Excerpt  from  Federal  Register.  October  4,  1969,  Title 
49  - Transportation,  Part  195  - Transportation  of  Liquids 
by  Pipeline, 
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AHVXBXX  C. 

StECTROHOTIYg  FORCE  SERIES 


ZUetred*  ES&SM&L- 


Potasaiua 

Calcium 

Sodium 

Magnesium 

Beryllium 

Aluminum 


Uao 
Chromium 
Gallium 

Icon 

Cadmium 

Indium 

Thallium 

Cobalt 

Hickel 

' ‘ 

Laid 

Hydrogen 

Copper 

Copper 

Mercury 

Silver 

Palladium 

Mercury 

Platinum 

Gold 

Gold 


Standard  Electrode  Potential 
«*  Z5*C. 


I+,  t er 

-2.922 

Ca**  + 2e~ 

-2.87 

. + V 

-2.712 

+ 2e~ 

-2.34 

Be+*  + 2e 

^1.70 

A1+++  + 3e" 

-1*67 

MatT  + 2e“ 

rl.05 

Zn+t"  + 2e“ 

-0;?62 

Cr+t++  3a- 

—0.71 

Git^  +"3a" 

-0.52 

Pe++  + 2e' 

-0.440 

Cd++  + 2$~ 

-0.402 

In"*  + 3e- 

-0.340 

Tlt  + e~ 

^0.336 

Co++  + 2e~ 

-0.277 

Hit!  + 2e” 

-0.250 

Sn+t  + 2e“ 

-0.136 

Pb++  + 2e~ 

-0.126 

2H+  + 2e“ 

0.000 

Cu++  + 2e~ 

0.345 

Cut  + e” 

6.522 

Hg?+*  +_2e” 

0.799 

Agt  + e” 

0.800 

Pdtt  + 2e~ 

0.83 

Hg++  + 2e“ 

0.854 

Pt!+  + 2e“ 

1.2 

Aut++  +_3e"‘ 

i.42 

Au  + e 

1.68 
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TABLE  D-l  (Continued) 

GALVANIC  SERIES  WITH  RESPECT" 

TO  SATURATES  CALOMEL  ELECTRODE 1 

Negative  Potent  taJ 
to  Saturated  Calomel 

Metal  . , Electrode j vol  t:*.1 


Nickel 

<5.20 

Stainless  steel  tyoe  316,  18£  Cr, 
12g  III,  3£  Mo  (active) 

0.18 

Inconel 

0.17 

Stainless  steel  type  410, 
135^  Cr  (passive) 

Titanium  (commercial ) 

0-.15 

Silver 

0.13 

Titanium  (hirh  purity  from  iodide) 

n.10 

Stainless  steel  type  304. 
l8£  Cr,  8?>  Ml  (passive) 

0.08 

Hastelloy  C 

0.08 

Monel 

0.08 

Stainless  steel  type  3iu.  18$  Cr 
12$  Hi,  3%  Ko  (passive; 

0.05 

1 Based  on  potential  measurements  in  water;  velocity 
of  flow,  13  ft.  per  sec.;  temperature  25°C.  (77°F.). 
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TABLE  D-2 


OALVAHIC  SERIES  UITH  RESPECT  TO 
'ATT1RATED  COPPER-COPPER  SULFATE  ELECTRODE1 


Metal 


negative  Potential  to  Saturated 
Copper-Copper  Sulfate  electrode 


K (s'V'l V'»ma^  alloy)’1*  1.75 

y>  • —rbun  ( - **U6y)a  1.55 

'/’i,-  1.10 

miisI  w,  (Al  ■l-'-.i  :5S)  1.01 

. i * • . . 0.6? 

action  0.68 

cU'tsl  type  430,  17$  Crb  0.64 

t - •<  .’m;>  •?«.*»  !rcrt,  20$  111  O.ol 

’*■  ■ .0.-1  type  304,  18$  Cv.8$  i!ib  0.60 

..  1 type  410,  13$  Crb  0.59 

. — . -i.-r  iron,  30$  III  0.56 

,:.u-  -u.-.v  Ir.n,  20$  Ki  + Cu  0.53 

, • ! v/lH  bracr.  0.47 

’ n.,.v  u.*.r.3  0.4-' 

' -on.  .•  0.43 

1 l ■ 0.40 

’ .vi?,'  , omnositiun  0 0.38 

* 1ml  1 t. , braru  0.36 

'•  ;-’ii  + m.8$  Vo  0.35 

: ■ + (*.06$  Fe  0.34 

<:  •> MU  + 0.47$  Fo  0.32 

. >'<:’!  re  rw  1 type  430,  17$  Crb  0. 2Q 

* 0.27 

ain .•  •’  / 1 tyn-  c'l6,  18$  Cr, 

• ??'  , $».!>  ■ 1.25 

n-.l.  1 0.24 

.'tain'  ote>'l  typi  4i0,  13$  Ci,b  0.22 

r’Uaiium  ( -onuricroial)  0.22 

OA  I /O-  0.20 

■.’*  tan lutn  (li.lidi  purity  frvin  iodide)  , 0.17 


• 3$  l",  $ Mr  r’ 

il  ' !f.  ' 1 


0 filni  typi  4i0,  .13$  Ci,b  0.22 

r’it *ii Lum  ( -onurieroial ) 0.22 

ft  1 /o-  0.20 

‘i  tan  1 urn  (hirh  purity  frvin  iodide)  0.17 

tal  ril'-iv,  rbeoi  type  304,18$  Cr.,8$  Nib  0.15 


. i.-l  1...  0 

I 

. . 1 ini-:  :•  .■<•••  1 t/ix  316,  l8$  Cr, 

•*'$  n,  $ M<  h 


0.15 

0.15 

0.12 


' har-d  <.-ti  potential  measurements  In  tea  water;  velocity 
' ' i ",  13  ‘t.  pc*-  temperature  25°C.  (77°F). 

< i.-  I «>n  data  i».v  Tin  pi -w  Client  I ea.l  Company. 

*'  ’i’li'  ;:l  •mi)  i-*uc  :a  e«‘ l a a.’  a - Laeo  exhibited  erratic  poton- 
ial.  ! j>-  1 id  tin'  on  tne  inelde’s/e  o plid  at  d “or  ros  ion  in 

a formed  around  th-  spe-imen  supports.  The  values 

1.1  i - ni"  aent  the  extreme;*  )bse ev-d  ar. du-v  tc  "heir  cr- 

• 1 ‘ ,,-tu  ■ , r.jioul  i n.  1 u-*  cors'd  .';.**»• ‘.n  ; ui.  *.i- 

* — " • • I 1 nt  : -i  a.*i  bju  amon  ; tne  at  . , hlah  arc  •overod, 
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APPENDIX  £• 

TYPICAL  GOVIMWUg  RBGULATIONB 
90S  SELSCTIOS  OP  PUS 


1.  8cope. 

fids  subpart  prescribes  minimum  requirements  for  the  se- 
lection and  qualification  of  pip*  and  components  for  use  in 
pipelines* 

2.  General* 

Hateriala  for  pipe  and  components  suet  be — 

(a)  Able  to  maintain  the  structural  integrity  of  the 
pipeline  under  temperature  and  other  environmental  condit- 
ions that  may  be  anticipated; 

(b)  Chemically  compatible  with  any  gas  that  they  trans- 
port and:  with  any  other  material  in  the  pipeline  with  which 
they  are  in  contact;  and 

(c)  Qualified  in  accordance  with  the  applicable  require- 
ments of  this  aubpart* 

3.  Steel  Pipe* 

(a)  New  steel  pipe  is  qualified  for  use  under  this  part 
if— 

(1)  It  was  manufactured  in  accordance  with  a listed  spec- 
ification; 

(2)  It  moot a the  requirements  of  paragraphs  II-A  through 
II-D  of  this  psrt;  or 

(3)  It  is  used  in  accordance  with  paragraph  (c)  or  (d) 
of  this  section* 

(b)  Used  steel  pipe  is  qualified  for  use  under  this  part 
if-r 

(1)  It  was  manufactured  in  accordance  with  a listed 
specification  and  it  meets  the  requirements  of  paragraph 
II-C  of  this  part; 

(2)  It  meets  the  requirements  of  II-A  through  II-D  of 
this  part. 

(3)  It  has  been  used  in  an  existing  line  of  the  seme  or 
higher  pressure  and  meets  the  requirements  cf  paragraph  II- 
C,  of  this  part;  or 

(4)  It  is  used  in  accordance  with  paragraph  (c)  of  this 
section* 

(c)  lew  or  used  steel  pipe  nay  be  used  at  a pressure  re- 
sulting in  a beep  stress  of  leas  than  6,000  p*s*i«  where  no 
close  coiling  or  close  bending  is  to  be  done,  if  visut&  ex- 
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agination  indicates  that  tbe  pipe  is  in  good  condition  and 
that  It  is  free  of  split  seams  and  other  defects  that  would 
cause  leakage.  If  it  is  to  be  welded,  steel  pipe  that  has 
not  been  manufactured  to  s listed  specification  oust  also 
pass  tbe  weldability  tests  prescribed  in  pera graph  II-B  of 
this  part. 

(d)  Steel  pipe  that  bas  not  been  previously  used  nay  be 
used  as  replacement.  pipe  in  a segment  of  pipeline  if  it 
has  been  manufactured  prior  to  November  12-  1970,  in  accor- 
dance with  tbe  same  specification  is  tbe  pipe  used  in  con- 
structing that  segment  of  pipeline. 

(e)  New  steel  pipe  that  has  been  cold  expended  must 
comply  with  the  mandatory  providsions  of  API  Standard  5UC. 

Cast  Iron  or  Ductile  Iron  Pipe. 

(a)  New  cast  iron  or  new  ductile  iron  pipe  is  qualified 
for  use  under  this  part  if  it  has  been  manufactured  in  acc- 
ordance with  a listed  specification. 

(b)  Used  cast  iron  or  used  ductile  iron  pipe  is  quali- 
fied for  use  under  this  part  if  inspection  shows  that  the 
pipe  is  sound  and  allows  the  makeup  of  tight  joints  and— 

(1)  It  has  been  removed  from  an  existing  pipeline  that 
operated  at  tbe  same  or  higher  pressure;  or 

(2)  It  was  manufactured  in  accordance  with  a listed 
specif: cations 


5,,  Piastic  Pipe.  ■ 

(a)  New  plastic  pipe  is  qualified  for  use  under  this 
part  if— 

(1) :  It  is  manufactured  in  accordance  with  a list  spec- 
ification; and 

(2)  It  is  resistant  to  chemicals  with  which  contact  may 
be  anticipated. 

(b)  Used  plastic  pipe  is  qualified  for  use  under  this, 
part  if— 

(1)  It  meets  the  requirements  of  a listed  specification; 
(2j  It  is  resistant  to  chemicals  with  which  contact  may 
be  anticipated; 

(5)  it  has  been  used  only  in  natural  gas  service; 

(4)  Its  dimensions  are  still  within  the  tolerances  of 
the  specification  to  which  it  was  manufactured;  and 

(5)  It  is  free  of  visible  defects. 

6.  Copper  Pipe. 

Copper  pipe  is  qualified  for  use  under  this  part  if  it 
has  been  manufactured  in  accordance  with  a listed  specifi- 
cation. 

7.  Qualification  of  Pipe. 
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I.  Listed  Pipe  Specifications.  Numbers  in  parentheses 
indicate  applicable  editions. 

API  5L— Steel  end  iron  pipe  (1967,  1970)* 

API  5LS — Steel  pipe  (1967,  1970). 

API  5LX— Steel  pipe  (1967,  1970). 

AS*  A53— Steel  pipe  (1965.  1968). 

ASW  A106— Steel  pipe  (1966,  1968). 

ASM  A134 — Steel  pipe  (1964,  1968). 

ASM  A135-- Steel  pipe  (1963T,  1968)o 
ASM  A139 — Steel  pipe  (1964,  1968). 

ASTH  A155— Steel  pipe  (1965,  1968). 

ASTH  A211 — Steel  and  iron  pipe  (1963,  1968). 

ASM  A333— Steel  pipe  (1964,  1967). 

ASTH  A377— Caet  iron  pipe  (1966). 

ASTH  A381— Steel  pipe  (1966,  1968). 

ASTH  A539 — Steel  tubing  (1965). 

ANSI  A21.3-- Cast  iron  pipe  (1953). 

ANSI  A21.7 — Cast  iron  pipe  (1962). 

ANSI  A21.9-- Cast  iron  pipe  (1962). 

ANSI  A21  • 52— Ductile  iron  pipe  (1965). 

ASTH  A72— wrought  iron  pipe  (1964T,  1968). 

ASTH  B42-Copper  pipe  (1962,  1966). 

ASTH  B68 — Copper  tubing  (1965,  1968). 

ASTH  B?5 — Copper  tubing  (1965,  1968). 

ASTH  B88 — Copper  tubing  (1966). 

ASTH  B251 — Copper  pipe  and  tubing  (1966,  1968). 

ASTH  D2513 — Thermoplastic  pipe  and  tubing,  (1966T,  1968). 
ASTH  D2517— Thermosetting  plastic  pipe  and  tubing  (1966T, 
1967). 

II.  Steel  pipe  of  unknown  or  unlisted  specification. 

A.  Bending  Properties.  For  pipe  2 inches  or  less  in  dia- 
meter ,'XTeng^FlIi^apeTiust  be  cold  bent  through  at  least 
90  degrees  around  a cylindrical  mandrel  that  has  a diameter 
12  times  the  diameter  of  the  pipe,  without  developing 
cracks  at  any  portion  and  without  opening  the  longitudinal 
weld. 

For  pipe  more  than  2 inches  in  diameter,  the  pipe  must 
meet  the  requirements  of  the  flattening  tests  set  forth  in 
ASTH  A53,  except  that  the  number  of  tests  must  be  at  least 
equal  to  the  minimum  required  in  paragraph  II-D  of  this 
appendix  to  determine  yield  strength. 

B.  Weldability..  A girth  weld  must  be  made  in  the  pipe 
by  a welder  who  is  qualified  under  Subpart  E of  this  part. 
The  weld  must  be  made  under  the  most  severe  conditions  un- 
der which  welding  will  be  allowed  in  the  field  and  by  means 
of  the  same  procedure  that  will  be  used  in  the  field.  On 
pipe  more  than  4 inches  in  diameter,  at  least  one  test  weld 
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must  be  made  for  each  100  length!  of  pipe*  On  pipe  4 in- 
ches or  leas  in  diameter,  at  least  one  test  weld  mast  be 
made  for  each  400  lengths  of  pipe*  The  veld  must  be  test- 
ed in  accordance  with  API  Standard  1104*  If  the  require- 
ments of  API  Standard  1104  cannot  be  met,  weldability  may' 
be  established  by  maiding  chemical  tests  for  carbon  and 
manganese,  and  proceeding  in  accordance  with  section  IX 
of  the  ASME  Boiler  and  Pressure  Vessel  Code*  Tbe  same  num- 
ber of  cherci  *1  tests  must  be  made  as  are  required  for 
testing  a girth  weld* 

C.  Inspection*  Tbe  pipe  must  be  clean  enough  to  permit 
adequate  inspection*  It  must  be  'visually  inspected  to  en- 
sure that  it  is  reasonably  round  and  straight  and  there  are 
nn  defects  which  might  impair  the  strength  or  tightness  of 

i.ic  pipe. 

I),  Tensile  Properties.  If  the  tensils  .properties  of  the 
pipe  are  not  known,  the  minimum  yield  strength  may  be  taken 
as  24,000  p.s.i.g.  or  less,  or  tbe  tensile  properties  may 
be  established  by  performing  tensile  testa  as  set  forth  in 
API  Standard  5LX.  All  test  specimens  sball  be  selected  at 
random  and  the  following  number  of  tests,  must  be  performed. 

Number  of  Tensile  Tests— All  Sizes 

1C  lengths  or  less 1 set  of  tests  for  each 

length* 

1]  to  100  lengths .1  set  of  tests  for  each  5 

lengths,  but  not  less  than 
10  tests* 

Over- 100  lengths 1 set  of  tests  for  each  10 

lengths,  but  not  less  than 
20  tests* 

If  the  yield-tensile  ratio,  based  on  the  properties  determ- 
ined by  those  tests,  exceeds  0.85,  the  pipe  may  be  used 
only  as  provided  in  5 (c). 
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APPENDIX  F 


UNDERGROUND  CORROSION  SURVEY. 

CHECK  LIST 

New  Construction 

I.  Meeting  with  A/E  or  owner. 

A.  Description  of  fseilities  to  be  constructed. 

1.  Vfcst  is  included? 

a.  Gas 

b.  Water 

c.  Buried  electrical  and  grounding  system 

d.  Buried  communications  or  signal 

a.  Tanks 

f.  Piling 

g.  Bulkheads 

b.  Building  structural  aeabers 
i.  Other 

2.  Materials  to  be  used  and  where? 

a.  Steel 

h.  Cast  Iron 

e.  Lead 

d.  Concrete 

e.  CoppOr 

f.  Aluminum 

g.  Other 

3.  Construction  methods  specified. 

a.  Coatings  - Types? 

b.  Insulation  between  structures? 

c.  Are  special  fills  being  used? 

d.  Road  and  railroad  casings? 

Are  they  insulated? 

e.  Type  pipe  joints  - weld,  flange,  dresser,  other? 

f.  Type  grounding  connecting  cables? 

g.  Layout  of  structures  (distance  between  those  of 
varying  materials,  etc.)? 

h«  Roadways  - Will  deicing  salts  leach  down  into 
buried  structures? 

i.  Lawns  - Their  location.  Is  it  objectionable  to 
install  above  grade  test  stations,  etc.  in  or 
near  them? 

j.  Pavement  - Its  location  and  type.  What  buried 
facilities  will  be  placed  under  it? 

B.  Get  complete  drawings  of  all  facilities. 

1.  The  following  are  usually  included: 

a.  Electrical 

b.  Mechanical 

c.  Communications 

d.  Pire  Protection 

e.  Piling 

f.  Fuel  systems 
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g.  Storage  tanks 

2.  Be  sure  they  are  the  latest, 

3.  Ask  to  be  kept  advised  o 1 any  changes, 

C.  Ownership  of  Facilities, 

1,  Gas,  water,  power,  telephone,  etc,  - Which  are  to 
be  included  in  -project?  Which  arh  Mutility  own- 
ed"? 

2,  Where  does  utility* s ownership  and  plant’s  juris- 
diction begin? 

3,  Will  the  utility  install  insulation? 

B,  What  life  does  the  owner  expect  from  his  facilities? 
How  many  years? 

B.  What  does  a corrosion  failure  cost?  (Each  type 
facility) 

F Are  any  facilities  extremely  critical?  (no  failures 
of  any  kind  to  b«.  tolerated  because  of  cost  or  bas- 
3rd. ) 

G.  Is  direct  current  being  used  anywhere  in  this  plant 
or  nearby? 

1.  Get  complete  information  on  where  and  why, 

2.  Wiring  diagrams  and  schematics. 

3.  Method  of  grounding, 

!i.  Are  any  abandoned  facilities  located  in  the  vicinity? 
(Metal  pipes,  etc.  might  be  used  as  groundbeds,) 

Are  they  connected  or  to  be  connected  to  anything 

•*-lse? 


II.  Field  Tests 

A.  Soil  Resistivity 

If  site  is  uniform,  take  3*  and  10*  (usual  depth  of 
buried  structures)  readings  at  suitably  spaced  grid, 
(20’  to  100'  readings  may  be  required.;  Do  not  ex- 
ceed 100*  spacing  with  Vibroground  instrument.  If 
route  of  piping  or  structure  known,  follow  route. 

Take  readings  of  fill,  if  any. 

B.  Soil  pH 

Take  pH  at  same  places  resistivity,  if  soil  is  moist. 

C.  Soil  Samples  and/or  Water  (steam  riser,  etc.) 

Take  samples  for  sulfides  and  sulfate  (and  pH)  at  re- 
presentative grid  locations.  (Min,  = 6; 

D.  Stray  Currents 

Using  2 copper  sulfate  cells,  take  soil  potential 
profile  reading  in  a rosette  pattern  as  necessary, 

III.  Consulting 

A.  Contact  Corrosion/Maintenance  Engineers  of  operators 
in  area. 

1.  Oil  Transmission  Pipelines 

2.  Gas  Transmission  Pipelines 

3.  Gas  Distribution  Company 

4.  Telephone  Company 
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5.  Water  Department 

6.  Electrical  Power  Company 

7*  Manufacturing  Plant!  in  area 
8 • Corrosion  Coordinating  Committee 
9.  Railroad  (do  ne*?ty  railroads  bare  signal  systems? 
Electrical  Propulsion  - AC  or  DC?) 

B*  Date  to  get  from  those  contacted  in  A. 

1,  Failure  and  corrosion  experience. 

. Is  cathodic  protection  being  used? 
l^rpa? 

Rectifier  locations? 

3.  Personnel  to  contact  for  coordination  tests- 
naaes,  addresses  and  telephone  numbers. 

4.  Place  and  time  of  Coordinating  Committee  meeting. 
9.  Is  stray  current  a problem?  Its  source? 

Wbat  structures  have  been  affected? 

6.  Are  deicing  salts  used  in  'streets? 

7.  Are  underground  structures  coated? 

Which  ones? 

fyp*  Coating? 

8.  Get  drawings  and/or  other  location  information  on 
all  structures  in  the  area. 

Mark  those  protected  and  locations  of  rectifiers. 

9.  Are  other  new.  facilities  planned  for  this  area? 
Utilities,  pipelines,  etc. 

10.  Will  these  new  facilities  be  coated  and/or  cathod- 
ically  protected? 

11.  Is  it  objectionable  to  use  impressed  current  cath- 
odic protection? 

Existing  Structures 
1.  Meeting  with  A/E  or  owner. 

A.  Find  out  what  facilities  are  to  be  covered  by  this 
investigation.  Also  get  data  on  all  others  in  area. 

1.  Look  for  the  following: 

a.  Gas 

b.  Water 

c.  Buried  electrical  and  grounding  system 

d.  Buried  communications  or  signal 

e.  Tanks 

f.  Piling 

g.  Bulkheads 

h.  Building  structural  members 

i.  Other 

2.  What  materials  have  been  used  and  where? 
a.  Steel 

bi  Cast  iron 

c.  Lead 

d.  Concrete 

e.  Copper 
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f.  Aluminum 

g.  Other 

3.  Construction  methods  used. 

a.  Coatings  - Types? 

b.  Insulation  between  structures? 
e.  Are  special  fills  being  used? 

d.  Hoad  and  railroad  casingr? 

Are  they  insulated? 

e.  ?„  pe  pipe  joints  - weld,  flange,  dresser,  other? 
f • Type  grounding  connecting  cables? 

r.  Layout  of  structures  (distance  between  those  of 
varying  materials,  etc.)? 

h.  Roadways  - Will  deicing  salts  leach  down  into 
buried  structures? 

‘ , Lawns  - Their  location.  Is  it  objectionable  to 
install  above  grade  test  stations,  etc.  in  or 
near  them? 

j.  Pavement  - Its  location  and  type.  What  buried 
facilities  will  be  placed  under  it? 

k.  .Have  test  wires  been  installed  on  buried  struc- 
tures? 

l.  Where  can  connections  to  buried  structures  be 
made?  Exposed  valves,  sections  of  pipe,  etc. 

B,  Get  complete  drawings  of  all  facilities. 

1.  The  following  are  usually  included: 

- . Electrical 
r.  Mechanical 

c.  Communications 

d.  Fire  protection 

e.  Piling 

f.  Fuel  systems 

g.  Storage  tanks 
. Be  sure  they  are  the  latest. 

. Ask  to  be  kept  advised  of  any  changes. 

. Test  station  locations. 

„ Test  station  wiring  diagrams. 

. Insulation  joint  locations. 

. Insulation  joint  types. 

C.  Ownership  of  Facilities. 

1.  Gas,  water,  power,  telephone,  etc.  -Which  are  to  be 
included  in  project? 

Which  are  "utility  owned"? 

2.  Where  does  utility’s  ownership  end  and  plant’s 
jurisdiction  begin? 

3.  Will  the  utility  install  insulation? 

4.  Are  utility  companies  using  cathodic  protection? 

5.  Have  the  utility  company’s  made  any  tests  or  in- 
vestigations on  the  systems  covered  by  this  survey? 

I).  What  life  does  the  owner  expect  from  his  facilities? 
How  many  years? 


I 234 

t 

I 


!•  Wbat  doe*  a corrosion  failure  coat?  (Each  type 
facility) 

?•  Are  any  facilitiea  extremely  critical?  (No  failure* 
of  anr  kind  to  be  tolerated  boeaoae  of  coot  or  ba- 
sard.) 

G.  Bare  any  eorroaion  failure*  been  experienced? 

1,  Bow  many? 

2.  When  (date*)? 

3,  Where?  (Nark  on  drawings) 

4.  What  wee  their  appearance? 

H.  Bare  other  failure*  occurred? 

(invaatigate  to  be  aura  they  were  not  really  cor- 
roaion. ) 

I.  I*  direct  current  being  uaed  anywhere  in  thia  plant 
or  nearby? 

1«  Get  complete  information  on  where  and  why, 

2.  Wiring  diagram*  and  acbamatica. 

3.  Method  of  grounding, 

J.  Are  any  abandoned  facilitiea  located  in  the  yicinity? 
(Metal  pipe*,  etc,  night  be  uaed  aa  groundbeda.)  Are 
they  connected  or  to  be  connected  to  anything  elae? 

K.  Are  additional  facilitiea  planned?  (Immediate  or 
long  range)  If  ao,  get  information, 

1,  Type  and  aethoda  of  construction. 

2,  Probable  location, 

3,  How  will  they  be  connected  to  existing  facilities? 
Will  direct  current  be  used? 

II,  Pield  Teats 

A.  Soil  Resistivity 

If  site  is  uniform,  take  5*  and  10'  (usual  depth 
of  buried  structures)  readings  at  suitably  spaced 
grid,  (20'  and  100'  readings  may  be  required.)  Do 
not  exceed  100*  spacing  with  Vibroground  instrument. 
If  route  of  piping  or  structure  known,  follow  route. 
Take  readings  of  fill,  if  any, 

B.  Soil  pH 

Take  pH  at  same  places  resistivity,  if  soil  is  moist, 

C.  Soil  Samples  and/or  Water  (steam  riser,  etc.) 

Take  samples  for  sulfides  and  sulfate  (and  pH)  at 
representative  grid  location*.  (Min.  * 6) 

D.  Structure-to-Soil  Voltage  (at  descretion  of  engineer). 

1.  Thorough  teat  of  bare  structure  requires  one  over 
structure  and  one  on  each  side  every  25*. 

2.  Coated  Structure-less  frequent. 

E.  I.R.  Drop  (get  at  least  one  on  every  structure.) 

1.  Always  test  external  circuit  resistance, 

2.  Correct  readings  if  necessary. 

3.  Be  sure  to  indicate  polarity  of  all  readings, 

F.  Voltage  between  structures.  Test  voltage  between  all 
metallic  structures.  (Be  sure  to  indicate  polarity 
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of  each  reading. ) 

G.  Insulating  Joint-  Test  resistance  of  all  known  and 
look  for  others. 

1.  Use  four  connections  (two  on  each  side  of  joint) 
with  D.  C.  Method. 

H.  Mechanical  pipe  Joints. 

lr  Test  each  piping  system  to  find  if  mechanical 
joints  exist. 

2.  Test  representative  number  of  mechanical  joints  to 
determine  quantitative  resistance  per  joint. 

3.  Be  sure  to  use  four  point  contact  method  with  di- 
rect current., 

I.  Electrical  and  communications  cables  in  duct. 

1.  All  electrical  tests  at  each  manhole, 
o.  As  in  D,  E,  and  P (above), 

b.  Be  sure  to  test  voltage  between  all  cables  in 
multiple  run  duct  systems. 

2.  Visually  inspect  all  hardware  in  each  manhole. 

a.  Brackets 

b.  Bonds 

c.  Condition  of  cables 

d.  Note  material  Of  each  component  and  its  condition 

e.  Note  fastening  methods,  and  insulation  between 
components’- 

J.  Stray  Current  "Investigation 

It  Stray  currents  will  be  indicated  by  abnormal  struc- 
ture-to-soil  voltages  and/or  IR  drop.  (Either 
steady  or  fluctuating.) 

2.  If  stray  current  is  suspected,  investigate: 

a.  Any  possible  source  of  direct  current  in  area. 

b.  Operating  cathodic  protection. 

3.  Have  suspected  source  turned  off  and  on  to  estab- 
lish its  affect  on  any  structure. 

4.  Get  additional  IR  end  voltage  readings  to  estab- 
lish circuit;. 

K*  Current  requirement  tests  (for  cathodic  protection). 
At  least  cursory  current  requirement  tests  should 
usually  be  conducted  if  th^re  is  any  chancq  of  using 
cathodic  protection  at  the  site, 

1.  Test  using  artificial  groundbed  for  both  magnesium 
anode  and  impressed  current  design. 

2.  Extent  of  testing  will  be  determined  by  scope  of 
work  laid  out  by  client.  (Is  all  design  data  to  be 
included  with  this  survey?) 

L.  Existing  cathodic  protection. 

1.  Visually  inspect  all  equipment.. 

2.  Test  to  determine  protection  being  afforded  and 
possible  interference  to  other  structures. 

3.  Get  operating  record. 

4.  Find  out  when  installed  and  turned  on. 

M.  Miscellaneous  - Note  any  other  corrosion  problems, 
(chemical,  water,  atmospheric,  etc.)  which  could  use 
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further  detailed  study. 


in.  Consol  ting 

A*  ^otact  •!!  Plsnt  personnel  who  love  knowledge  of 

,nd  •“  po“ihi* in- 

’*  EuctlBMn  0f  op.ntor« 

If  Oil  transmission  Pipelines 
?*  Os s frsnssission  Pipelines 
3*  Oss  Distribution  Company 
o.  Telephone  Company 
5*  Voter  Department 

6.  Electrical  Power  Cospeny 

7.  Manufacturing  Plants  in  ares 
8#  Corrosion  Coordinating  Cossittee 

V®5  n**r^r  railroads  bare  signal  systems’ 
Electrical  Propulsion  - AC  or  DC?)  J 

C.  Data  to  get  from  those  contacted  in  B. 
l*  Failure  and  corrosion  experience. 

2*  if  cathodic  protection  being  used?  Type?  Recti- 
fier Locations? 

5*  «dC?SepJoMrnSSb^”ti0n  te*tS  * n“0’* 

4.  Place  and  time  of  Coordinating  Ccaaittee  seating. 

5.  Is  stray  current  a problea?  ^ 

Its  source? 

What  structures  have  been  affected? 

6.  Are  deicing  aalta  used  in  streets? 

7.  Are  underground  structures  coated? 

Which  ones? 

Type  coating? 

8.  Get  drawings  and/or  other  location  information  on 
all  structures  in  the  area.  Mark  those  protected 
and  locations  of  rectifiers. 

9#  AP«,?2?er  ne?  unities  planned  for  this  area? 

Utilities,  pipelines,  etc. 

10.  Will  these  new  facilities  he.  coated  and/or  catbod- 
lcaily  protected? 

11.  Is  it  objectionable  to  use  impressed  current  cath- 
odic protection. 
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uu 

Para*raph 

A 

•\d.l;sb*nr.  factor  «,« 7*4r2.a 

/ 1 «£dnun 

anoaes  4.2.4,  5*1.3 

catholic  protection  of  2.4*3 

: tt  xle 

t«cp  10.6.2a(3) 

xf.anic  5*1 

aluminum  5*1*3. 

current  output  7*4*3 

magnesium  5*1*1 

in.;laJlation  10.6.1 

•ibbon  5*l*le(5) 

zinc  * 5*1*2 

xdbbon  5*1»2<5*(3) 

groundbed  . . 3*1*1 

impressed  current  4*2 

aluminum  4*2.4 

r-ast  iron  4*2. 2.3 

button  4.2.3a 

duct  4*2. 3a 

installation  10.6.2a 

graphite  4*2.1 

load  4*2.7 

platinum  4*2.5 

*•  rtanium  4*2  6 
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Paragraph 


location,  to  avoid  interference  3.1.1 

packaged  7.5*3 

•tub  7.4.2b 

B 

Backfill,  anode  7.5 

galvanic  ancda  7*5.2 

impressed  current  anode  4.3.4,  7.5.1 

magnesium  anodes  . 5.1. Id 

sine  anodes  5.1.2d 

resistance  7.4 

Batteries  4.1.3 

Bentonite  « 7.5.2 

Bonds  3.4.2 

current  3*1.2 

drainage  3*1*2 

installation  .....  10.7 

resistance  3*1.2 

wires  7.7.2b 

Breakdown  voltage  4.2.6 

C 

Cable  4.3.1,  7.7 

connection  to  structure  4*3.1 

economic  wire  size  7.7.3 

impressed  current  cathodic  protection  7. 7. 2d 
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Paragraph 

installation  10l6.2b 

insulation  7.7.1 

r^cJifier  positive  4*3  *1>  7*7 

•'ast  Iron 

anodes  .....i 4^2*2.3  * 

criteria  for  cathodic  protection  of  2.4*2 

> "ath  id  i c protect  ion 

ejmjv*ents  of  i.2 

criteria  for  2 

description  1.1 

design  1 

examples  of  „ 8 

fie]  1 measurements  for  7.2.3 

e. simples  of  systems  6 

galvanic  1.2.1,  5 

advantages  of  5.3 

vs.  impressed  current  1.2 

gasoline  service  station  6 

hvdrant  refueling  system  6 

hydraulic  elevators  6 

impressed  current  1.2.2,  4 

advantages  of  4*4 

i :is  tallati  on  10.6.2 

mai  ntenance  11 

multiple,  low  output  units  4.4.3 
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Paragraph 

opart' water  box  cooler  ...» 6 

pier  supports  6 

piling  6 

cipl*^  6 

precautions  for  3 

sewage  lift  station  6 

tanks  6 

Coatings 

application  10.1.1 

pipeline,  application  10.1 

disbonding  '$.2 

Coke  breeze  4.3.A 

Copper,  criteria  for  cathodic  protection  of  2.4.4 

Corrosion  coordinating  cansdttee  V 

Couplings,  resistance  3.1.2 

Coupons  2.1 

Current 

induced  3*4.3 

output,  galvanic  anode  7.4*3 

D 

Deep  anodes  3*1,  4.4*1 

Deterioration  rates,  anode  7.2.2 

Distributed  groundbed  4.4*2 

til 


Epoxy  encapsulation 
Equipotential  lines 


E 


Paragraph 


G 

Gas  distribution  system  ' .......... 

Gas  main  

Graphite,  anodes  ,i... 

Gypsum  

H 

Half-cell  

Heating  distribution  system  ...... 

Holiday  detectors  

Hydrant  refueling  system  

uy.:  -ngen}  embrittlement  

I 

Installation,  cathodic  protection 

bonds  

cables  

cast  iron  anodes  

deep  anode  

impressed  current  

insulating  flange  : . . . 

magnesium  anode  

pipeline  casings  

test  access  holes  

test  station  


4.2;3b. 


3.1 


6 

8 


4.2.1 

7.5.2 


(see  Reference  Electrode) 

8 

10.1.1 

8 


3.2 


10 

10.7 


10.6.2b 


10.6.2b 
10.6. 2a(3) 


10.6.2 


10.4 


10.6.1 


10.2 


10.5 


10.5 


» 


Z 
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Insulation,  flange 

Paragraph 

. 10.4 

Interference 

1.1 

anode  location 

3.1.J 

mitigation  . . . . . 

1.1.2 

Kelvin's  Law  

7.7.3 

anodes  

4.2.7 

Ma  ernes'?  im  anode  ... 

M 

5.1.1 

Mai  n+.enanofi  ....... 

11 

NACE  Standard  . . . . , 

N 

pH  

Pipe 

casings  

P 

3.3 

crossings  

surface  area  

Platinum,  anodes  

Potential  structure-to-electrolyte 


7.1 

4.2.5 

2.4 


Rectifiers  

circuits  

constant  current 
efficiency  . . . . 

elements  

filters  


installation 


Paragraph 

inference  electrode,  sllver-eilver  chloride  4*2.6 

l'*  distance 

anode-to-elt?ctrolute  7*2.1,  7.4,  7.4*1»  7*4*2 

couplings  3*1*2 

i.i'al  cathodic  protection  circuit  7*2.1 

l«iSLs*..>r  hoy  4*3*3 

i l - M'-wa^  10.6.2 

i ; ’.•)!  * . A . C • ..................... ...... •«•«»« ......  4*l*la(2) 

S 

Valety 

cathodic  protection  3*4 

uxpjc&ions  3*4*1 

50  ionium  4*l*la(2),  4*l*ld(7) 

:i  1 1 mi  Mode  4*l*la(2),  4*l*ld(7) 

Sodium  Suii’ate  7*5*2 

Solar  Ceil  4.1*4 

Splicer,  cable  4*3*2,  7*8 

51  eel  .................... *.*..*.  2*4*2 

'.i  ray  ciixront  2.1.6 


HI 


Paragraph 

T 

Tanks 

underground  « 8 

water  7*4«2b(l),  8 

Test  access  holes  , 10.5 

Test  stations,  installation  10.5 

Theradt  weld  10.6.1 

Thermoelectric  generator  4.1.2 

Z 

Zinc  5.1.2 
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